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Water is important only next to air. It is a 
precious and most commonly used resource but the largest 
available source of fresh water lies underground. By 
groundwater we mean water occupying all the voids within 
a geologic formation. Groundwater has been an important 
water source through out the ages. Old dug wells can be 
found along the Indus Valley at Mohanjudaro and Harappa, 
the craddle of Indian civilization. Some of the ancient 
"Qanats" in Iran are still in use. 
Today, groundwater is a major source of water for 
municipalities, industries and for irrigation. The water 
demand is to increase many folds with the rising 
population, expanding agriculture and escalating 
industrialization with the passage of time. It will not 
be too long before fresh water becomes the limiting 
factor in biological, economic and social growth through 
out the world. Therefore, it is imperative to seek 
(1) 
methods, systems and policies to improve national and 
global management of water resources. 
The river basin or sub-basin forms a type of 
logical unit for hydrogeological investigations and 
accordingly the area under investigation is limited by 
two hydroboundaries i.e., river Ganga in the south and 
river Sot in the east. It is spread over an area of 1073 
Sq.km. between latitudes 27°58' and 28°17'N and the 
longitudes 78°35' and 79°4'E. 
In the present investigation, systematic 
groundwater surveys supported by laboratory 
investigations were carried out in the Ganga-Sot sub-
basin of Sahaswan sub-division of Budaun district to 
delineate the aquifer system and to quantify various 
hydrogeological and hydrochemical parameters. Thus, the 
thesis provides a database for the aquifer system of 
Sahaswan sub-division. 
Physiographically, the area is marked by three 
distinct physiographic units namely (i) Ganga-Sot low 
land (ii) Central upland (iii) Sot plain. The area is 
drained by the Ganga, Mahawa and Sot rivers which flow 
due southeast. 
(2) 
The area falls under subtropical climatic zones of 
India and is marked by chilly winter followed by a hot 
and moist summer. The normal average rainfall in the 
area is 817 mm. 
Geologically, the area comprises a thick 
Quaternary alluvium with alternate beds of sand and 
clay occasionally intermixed with calc-concretion. On 
the eroded surface of the Bundelkhand granite which 
forms the basement, the upper Vindhyans were deposited 
sometimes during the Upper Proterozoic era. Thereafter, 
it underwent Post-Vindhyan faulting and erosion since 
Cambrian to lower Miocene. During this long span of time 
encompassing about 500 million years, the Vindhyan 
topography was almost reduced to peneplanation and on 
this eroded surface, the Siwaliks were deposited during 
Mio-Pliocene periods which was further followed by the 
deposition of Quaternary alluvium. However, the depth to 
the basement was encountered at Ujhani about 10 km. 
southeast of the study area at 2061 m which consist of 
Bundelkhand Granitic Complex which is Archean in age. 
Application of remote sensing techniques have 
helped delineating various landform features, such as 
abandoned channels, meander scars and channel bars etc. 
(3) 
Further, the study shows that the Ganga river has 
continuously been changing its course over the years due 
to sub-surface structural changes in the basement 
complex and has been migrating since past four hundred 
years from east to west. The rivers Sot and Mahawa are 
its left-over channels which latter on converted into 
small streams. The migrating nature and the 
hydrodynamics of the river Ganga over the years has 
generated in all three types of sand bodies or aquifers 
that is the channel deposits, flood plain deposits and 
backswamp deposits. 
The fence diagram and various hydrogeological 
cross-sections depict that there occur three to two tier 
aquifer systems down to the depth of 115 m.b.g.l. which 
merges with each other and behave as a single bodied 
aquifer system. 
The mechanical analysis of the aquifer material 
shows that the sand size ranges between medium to fine 
with uniformity coefficient <2 and has hydraulic 
conductivity 25.92 to 87.26 m/day. Similarly, the 
sediments of the river Ganga range between medium to 
fine in size with high porosity and has got the 
hydraulic conductivity ranging between 45-26 m/day. 
(4) 
The discharge and drawdown of the State tubewell 
ranges between 114.35 to 193.50in-^ /hr and 2.40 to 8.89 m 
respectively. 
In all, 74 evenly spaced wells were established 
through out the area and monitoring of water levels were 
carried out during pre monsoon (June, 1991 & 1992) and 
post monsoon (November, 1991 & 1992) periods. 
Subsequently, various hydrogeological maps were 
prepared. 
The near surface groundwater occurs under water 
table condition and depth to water level varies between 
1.44 to 9.44 m.b.g.l. during pre-monsoon, 1991 and 1.91 
to 9.65 m.b.g.l. during pre-monsoon,. 1992 periods. 
However, the depth to water table ranges between 0.92 to 
8.36 m.b.g.l. during post-monsoon, 1991 and 0.72 to 8.75 
m.b.g.l. during post-monsoon, 1992 periods. The 
piezometric level of deeper aquifer ranges between 2.74 
to 10.3 6 m.b.g.l. In general the depth to water level is 
in conformity with the topography of the area, save the 
local variations. 
The fluctuation in the water level ranges between 
-0.6m to >1.0m. The negative fluctuation was observed at 
Sahaswan town and Nagla Dallu villages in 1991 and only 
at Sahaswan in 1992. 
(5) 
The altitude of water table in the area ranges 
between 162 to 17 6 metres above mean sea level. In 
general the slope of groundwater is from northwest to 
southeast direction in consonance with the topography of 
the area with some variations due to local factors. The 
hydraulic gradient in the study area ranges between 0.08 
m/km to 6.5 m/km. Further, the similarity of water table 
and piezometric level contour patterns indicate that the 
shallow and deep aquifers are interconnected in nature 
and have common source of recharge. The hydrographs 
show a rising and declining trends with respect to time 
and space. 
The average permeability of the entire area is 
31.35 m/day, whereas, the average specific capacity 
index value for the area is estimated to be 27 m/day. 
Further, the average transmissivity value for the area 
is 990.24 m^/day. 
The water balance studies indicate that 41.28 
M.C.M. utilisable groundwater resource potential is 
available in 1073 Sq.km. basinal area for further 
exploitation. Moreover, the aquifers only down to 115 
m.b.g.l. depth have been tapped so far, by the State 
tubewells while the deep potential aquifers down to 700 
m.b.g.l. which are reported to be fresh by Oil and 
(6) 
Natural Gas Commission on the basis of wire line 
logging results, remain untouched till date. It is, 
therefore, suggested to tappe the aquifers occurring 
below 115 to 700 m.b.g.l. depth for domestic and 
irrigation purposes. 
The results of chemical analysis data show that 
the groundwater in the area is potable, hard, alkaline 
in reaction, moderately mineralised and alkali 
bicarbonate type. 
Trace elements studies reveal that the 
concentration of heavy toxic metals like Iron, 
Manganese, Cadmium and Lead in the shallow aquifer water 
is more than the permissible limits which may entail 
various health hazards to the inhabitants of the area. 
However, the concentration of these toxic metals was 
generally found well within their permissible limits in 
deeper aquifer water samples. Moreover, the analytical 
data were compared with the various water quality 
criteria and accordingly the groundwater of the area was 
found suitable for drinking and irrigation purposes. 
(7) 
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••This (water) marvellous element which can bring 
life to all things.'• (Quran, 17:30) 
CHAPTER - I 
INTRODUCTION 
Without doubt water is the most important of all 
our natural resources and the largest available source 
of fresh water lies underground. It will not be too long 
before fresh water becomes the limiting factor in 
biological, economic and social growth through out the 
world. Therefore, it is imperative to seek methods, 
systems and policies to improve national and global 
management of water resources. 
Utmost care has, therefore, to be exercised in the 
exploration, development and management of this precious 
resource. In order to evolve a pragmatic and scientific 
plan for the management of groundwater resources, one 
needs to guantify the characteristic hydrogeological, 
hydrometeorological, hydrological, hydrochemical and 
other related parameters. Thus, a precise evaluation of 
(1) 
groundwater resources of an area, basin or sub-basin 
becomes an essential pre-requisite for its proper 
development for various uses and conservation. 
The population growth and the food grain 
requirement by the turn of this century will bring about 
a crisis before India. To meet the food and fibre 
requirements adequately, India has to increase the crop 
production to 234 million tones per annum. There is a 
need for bold strategic planning to maintain the 
momentum of "Green Revolution" (Vohra, 1985). India 
lives in the villages which comprise 85% of Indian 
population, where agriculture forms the only source of 
livelihood. 
Water is an important element in agricultural 
input in soil-crop-water system to raise the production. 
This is why high priority has been given to water 
resource development in our plans. Surface water and 
groundwater are the two main planks under water resource 
development programme. Groundwater which contributes a 
considerable part of irrigation potential created in the 
country is, therefore, of vital importance. The fact 
that out of total feasible irrigation potential created 
by all sources is 113 million hectaremetre in the 
country. The share of the groundwater is 40 million 
hectaremetre which clearly indicates the importance of 
(2) 
groundwater resource in providing irrigation in the 
country (Pathak, 1985). In order to develop plan for 
conjuctive use of surface and groundwater in the Ganga 
basin a major programme of groundwater assessment and 
evaluation has been initiated. The present study in the 
Ganga-Sot Sub-basin forms a part of the major research 
programme. During the course of the Ph.D. research 
programme the author carried out study of Geology, 
Hydrogeology, Geomorphology, Rainfall, Hydrochemistry, 
etc. for groundwater resource evaluation in Sahaswan 
Sub-division of Budaun district. 
LOCATION AND COMMUNICATION 
Budaun is one of the most prominent districts of 
Ganga-Ramganga interfluves and forms a part of the 
Central Ganga Basin. The study area, Sahaswan sub-
division, which is the western part of Budaun district, 
lies between the river Ganga in the south and Sot river 
in the east. It is spread over an area of 1073 sq.Km. 
and is bounded, in the north by Bisauli, in the west by 
Gunnaur and in the east by Budaun Sub-division of 
district Budaun. In the south the Sahaswan sub-division 
touches the boundary of Aligarh and Etah districts 
(Fig.l). 
The Sahaswan sub-division lies between the 
latitudes 27°58' and 28°17'N and the longitude 78°35' 
(3) 
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and 79°4'E and falls in the survey of India toposheet 
nos. 53 L/12, 53 L/16, 53 P/4, 54 1/9, and 54 1/13. 
The area is approachable from Budaun which is the 
nearest rail head, located on the Agra-Kathgodam line of 
the North-Eastern railway. Sahaswan is connected by all 
weather metalled road from Budaun. Almost all the 
villages with a few exceptions are connected by 
motarable roads. Bilsi and Sahaswan are small towns in 
the area where camping facilities and communication by 
public transport are available. 
STATE OF ART 
During the last three decades there has been a 
phenomenal growth in the science of hydrogeology 
(Cherry, 1979; Todd, 1980; Fetter, 1988). At present it 
is not limited to resource aspects and hydrodynamics 
only as it had been earlier. Now, it encompasses 
physicochemical relations and responses, rock water 
interaction, occurrence, movements and energy stored in 
the aquifers. Development of information system and 
computerised groundwater database with telemetric link 
to ground instruments on real time basis, studies on 
recycling of resource, Krigging techniques for 
evaluating regional variable out of sparse data and 
groundwater modelling and using finite difference and 
(4) 
finite element models for effective groundwater 
management and to solve groundwater flow and solute 
transport problem etc. are some of the modern fields in 
groundwater research (Marsily, 1986; Bear, 1987; 
Ramesam, 1987). 
The Exploratory Tubewells Organisation (E.T.O.) 
was set up during 1954 under the Indo-US Technical 
Cooperation Operational Agreement No,12, under the 
Ministry of Agriculture and concomitantly, the 
Groundwater Exploration section was set up in the 
Geological Survey of India. The E.T.O. was merged with 
the groundwater division of the Geological Survey of 
India and thus central Groundwater Board came into being 
in the year 1972 which was initially confined to 
resource evaluation in the unconsolidated formations 
only (Raghunath, 1990). 
However, the activity extended to the hard rock 
regions about 20 years later. The techniques of 
exploration primarily consisted of geological 
reconnaissance, occasional geophysical survey and actual 
drilling. Today resource estimation at micro level for 
some of the river basins through water budgeting studies 
are available (Pathak, 1985"). Coincidental with the 
water balance studies of a few research project of 
problem specific or location specific nature have been 
(5) 
under taken (Ramesara, 1987). In recent years monitoring 
of the effects of the withdrawals on the groundwater 
levels and regional decline in water levels have been 
gaining importance (Rao, 1986). However, the 
hydrogeological research in India is in the state of 
Physics before the pronouncement of Newton laws of 
motion (Ramesam, 1989). 
With the advent of Geographical Information 
System, the groundwater is being looked as part of the 
total resource potential of the earth science system. 
The groundwater basins are being looked in their entire 
vertical profile from atmosphere to lithosphere with 
intervening biosphere and hydrosphere. The groundwater 
is seen in a relational database as an input file for 
resource potential in a natural resource informatics 
system for environmentally compatible groundwater 
development of the basin (Ramesam, 1987). 
Previous Work 
Khanna (1991) made a macrolevel study of the 
hydrogeology and groundwater resource potential of the 
district Budaun and reported three to six tier aquifer 
system down to the 131m depth below the land surface. 
Further, he observed "the clay occurring below 100m 
depth are likely to be persistent throughout the 
district", 
(6) 
The only pumping test carried out by the State 
Groundwater Department in the district is in the Budaun 
sub-division adjacent to the study area gives the 
transmissivity and storativity values as 972.97 m^/day 
and 0.16 respectively. Further, it is observed that no 
microlevel systematic groundwater investigation was ever 
carried out in the area. 
Methodology 
Systematic groundwater surveys supported by 
laboratory investigations were carried out in the Ganga-
Sot sub-basin of Sahaswan sub-division of Budaun 
district to delineate the aquifer system and to quantify 
the various hydrogeological and hydrochemical parameters 
of the aquifer system in the study area. The programme 
included data collection, review of literature, primary 
surveys, sampling, analytical work and synthesis of the 
database into informatics on the groundwater system of 
the Ganga-Sot sub-basin. The study was carried out in 
the following steps. 
(1) The literature pertaining to the study area was 
collected, reviewed and synthesized for an 
information database in parts of Ganga-Sot sub-
basin. 
(7) 
(2) Primary data generation for geomorphology was 
carried out using LANDSAT TM FCC The thematic 
information was generated using visual 
interpretation techniques (Sabins, 1978; Barry, 
1979) . The remotely sensed data were transferred 
to base map generated using Survey of India 
toposheet on 1:250,000 scale. 
(3) The rainfall data were collected and statistically 
analysed and converted into isohytal map for the 
study area. The mean, the standard deviation and 
the coefficient of the variation were calculated, 
besides, the frequency of drought, for the period 
1912 to 1992, were determined for Sahaswan sub-
division. 
(4) A network of 74 observation wells was set-up in 
the Sahaswan sub-division. The observation wells 
were established at uniform spacing to give evenly 
distributed pattern for the hydrogeological 
parameters (Fig.14). The water level data for pre 
and post monsoon, for the year 1991 and 1992 were 
collected from the observation wells and were 
processed to generate various hydrogeological maps 
(Figs.19a to 23b). Besides, hydrographs were also 
(8) 
prepared for a period of 12 years (Figs.25a to 
25f) to observe the variation of water level in 
time and space. 
(5) The sand samples were collected from the drilling 
sites and their size analysis were carried out 
(Walton, 197 0). The data obtained were plotted on 
grading curve and parameters like effective grain 
size, sorting coefficient and hydraulic 
conductivity were determined (Figs.18a to 18e). 
(6) Water samples were collected from 34 observation 
wells which were representative of the different 
hydrogeologic structures and were chemically 
analysed for major and trace elements and physico-
chemical parameters. The major elements were 
analysed for 34 samples and 27 representative 
samples duly treated with 10ml 6N HNO3 were 
analysed for trace element studies. 
(7) Lithological logs of the Deep State Tubewells were 
collected and used for preparing fence diagram and 
various hydrogeological cross-sections of the 
study area (Figs.15 & 16a to 16e) . 
(8) The water samples were analysed for major and 
trace elements to determine their quality for 
(9) 
domestic and agricultural uses (APHA,1985; Trivedi 
and Goel, 1988). Trilinear diagram was prepared to 
delineate various hydrochemical facies present in 
Sahaswan sub-division following Roomani (1981). 
(9) The thesis presents the synthesis of the 
hydrogeological, hydrometeorological and 
hydrochemical data into the model, for groundwater 
regime in parts of the Ganga-Sot sub-basin of 
Sahaswan sub-division,district Budaun. 
Scope of Work 
The geomorphology, geology, hydrogeology, 
hydrometeorology, hydrochemistry and water balance 
studies of the area have been described under the 
present study. The thesis provides a database for the 
aquifer system in parts of Ganga-Sot sub-basin of 
Sahaswan sub-division. 
Application of remote sensing techniques have 
helped in delineating various geomorphological features, 
such as palaeo-channels, meander scars, channel bars 
etc. 
Geologically, the area comprises Quaternary 
Alluvium, with alternate beds of sand and clay. On the 
eroded surface of the Bundelkhand granite which forms 
the basement, the Upper Vindhyans were deposited 
(10) 
sometimes during the upper Proterozoic era. Thereafter, 
it underwent Post-Vindhyan faulting and erosion since 
Cambrian to lower Miocence. During this long span of 
time encompassing about 500 million years, the vindhyan 
topography was reduced almost to peneplanation and on 
this eroded surface, the Siwaliks were deposited during 
Mio-pliocene periods which was further, followed by the 
deposition of Quaternary Alluvium. However, the depth to 
the basement was encountered at Ujhani about 10 km 
southeast of the study area at 2061m which consist of 
Bundelkhand granitic complex which is Archean in age 
(Karunakaran, 1976). 
Hydrogeologically, in all, there occurs two to 
three tier aquifer systems down to the depth of 
115m.b.g.l. which merges with each other and behave as a 
single bodied aquifer system. The groundwater occurs in 
water table condition in shallow aquifers and 
semiconfined to confined conditions in deep aquifers. 
Their hydrogeological parameters have been determined. 
The groundwater of the area is potable, hard, 
moderately mineralised, alkaline in reaction, and 
alkali-bicarbonate type. Hence, it is suitable for 
drinking and irrigational purposes. On the other hand, 
the trace element study shows that the concentration of 
heavy toxic metals, in the water samples of shallow 
(11) 
aquifer, is above the permissible limit which may have 
an adverse effect on the inhabitants health. 
Large scale groundwater development of the top 
aquifers many times higher than the quantum of the 
average annual recharge has induced a declining trend of 
water level, hence further abstraction of groundwater 
from the shallow aquifers be either restricted or 
stopped forthwith and instead deep aquifers be tapped 
for the irrigation and domestic uses. 
(12) 
CHAPTER - II 
PHYSIOGRAPHY AND DRAINAGE 
PHYSIOGRAPHY 
The area under investigation forms the western 
portion of the district Budaun and comprises a wide 
stretch of country extending upto the left bank of the 
river Ganga. 
Topographically, the area is a vast level expanse 
but its surface and appearance vary to a considerable 
extent and is determined mainly by the course and 
character of the natural drainage channels. The slope of 
the country is from north-west to south-east and this 
direction governs the course of the stream within the 
sub-division. 
Physiographically, the area can be divided into 
the following three distinct physiographic units 
(Fig.2). 
1. Ganga-Mahawa lowland 
2. Central upland 
3. Sot plain 
(13) 
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(1) Ganga-Mahawa Lowland 
Between the high ridge and the Ganga river is the 
low-lying land which gently slopes due southeast. It is 
a broad shallow depression representing a number of 
backswamps and abandoned channels. The area lying 
between the Mahawa's right bank and the Ganga, gently 
slopes towards the river Ganga. The soil is loam to 
clayey loam which supports good crops. 
(2) Central Upland 
Rising suddenly above the Ganga-Mahawa low-land, 
is a belt of high-land which runs through the center of 
the study area, in a northwest to southeast direction 
forming a watershed between the Mahawa and the Sot 
rivers. The stretch is about 8kms in width and consists 
entirely of silt through fine to medium sands, which 
supports poor crops. There are number of springs along 
the steep sided western margin of the upland. However, 
the eastern margin of the upland gradually slopes due 
east and merges with the Sot plain. 
(3) Sot Plain 
To the east of the central upland lies the broad, 
very gently slopping and perfectly homogeneous expanse 
of good fertile loam, varied only at places, by clay in 
(14) 
the depressions. The plain merges due east with the 
right bank of the Sot river which forms the eastern most 
boundary of the study area. 
Lakes and Ponds 
There are numerous ponds and marshy lands along 
the upland margins. They differ greatly in their 
character and appearance. However, a prominent lake is 
located at Rajpur about 6kms northwest of Sahaswan town. 
Besides, there are merely ill defined drainage channels 
of which the bed has become silted-up in places, 
resulting in the formation of numerous detached swamps 
instead of a regular stream. Moreover, there are 
numerous small ponds which abound through out the low-
lying clayey tracts. 
GEOMORPHOLOGY OF THE AREA 
Geomorphologically, the area of investigation is 
characterized by plains of very low relief and high land 
which comprise numerous depositional and erosional 
alluvial features. The nature and distribution of 
abandoned channels, meander scars and other fluvial 
geomorphic features suggest that the Ganga river in its 
various phases occupied and abandoned several courses 
over the years while the plain has been under formation. 
In its later phases, the migrating Ganga river degraded 
(15) 
its own deposits and carved newer meander belts at lower 
topographic levels or lows. During the process, the 
older meander flood plains were left off an extensive 
high land which trend in northwest to southeast 
direction. 
The present day geomorphic features of the 
Gangetic plain are formed in response to climatic 
fluctuations and fluvial adjustments during Late 
Pleistocene-Holocene with a subdued role of tectonics in 
the Himalaya (Singh, 1987). 
An attempt has been made to study the geomorphic 
features of the study area, which is a part of the 
Central Ganga plain. For the purpose remotely sensed 
data such as LANDSAT,TM,FCC (Path No.145 and Row No.041) 
have been used to study the various landforms (Fig.3). 
There are two well-defined regional planation 
surface (T2, T-j^) which have developed in response to 
changing climate and sea level fluctuations during Late 
Quaternary (Singh,1987), 
On these regional planation surfaces a number of 
relict drainages, abandoned channels and meander scars 
are present in contrast to present day active channels 
(TQ surface) forming a distinct geomorphic element in 
the study area. The T-j^  surface is the flood plain of the 
river Ganga about 2-5m higher than the active channels 
(16) 
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and represents deposits of past phase of the river 
Ganga. However, each surface has its own characteristic 
geomorphic features. 
Tg-Surface 
TQ surface is the present day flood plain of the 
Ganga river. Here the channel is of braided type : a 
channel which is divided into several channels which 
successively meet and re-divided. Generally, the 
braiding index is low and at bankful stage channel is 
slightly sinuous. This surface is made up of a few 
active channels, lateral point bars, channel bars and 
active flood plain. 
T2_Surface 
This surface is located about 3 to 5m above the 
TQ-surface and restricted within the river valley. This 
surface shows extensive vegetation and marshy tracts. 
Near surface sediments are silty sand; but below few 
metres, thick sand deposits are present. In the imagery 
it shows meander scars and meander scrolls. 
Presence of these geomorphic features implies that 
when the Ganga river was flowing at T^-surface it was 
highly sinuous in character. The age of T-^ surface, 
abandoned meandering channels is conceptually inferred 
to be around 20-30Ka, the last interglacial (Ghosh and 
Singh, 1988). 
(17) 
Tg-Surface 
This surface is an upland surface, it is 5-lOin 
above the T-^  surface. Major part of this surface shows 
silty clay, very often intercalated with calcareous 
concretion of varying size. This surface shows numerous 
Palaeo-channels. However, the active channels of this 
surface are of entrenched meandering type. The age of 
this surface may be the last major interglacial 
(~12 0Ka), upon which tens of metres of sediments have 
accreted ever since; the age of abandoned drainage is 5-
lOKa (Singh,1987; Ghosh and Singh,1988). 
DRAINAGE 
The area is drained by the Ganga, Mahawa and the 
Sot rivers. 
The Ganga 
The Ganga river has continuously been changing its 
course over the years due to sub-surface structural 
changes in the basement complex and has been migrating 
since past four hundred years from east to west 
direction. The Sot and Mahawa are its left-out channels 
which, later on, were converted into small streams as 
they are now. The river Ganga was flowing close to 
Sambhal and Budaun towns when Babar, the first Mughal 
emperor invaded Sambhal and Budaun towns, in the year 
(18) 
1525 A.D. Now, the Ganga is flowing about 4 0Kins west of 
these towns over the span of 4 68 years. 
The Ganga river forms the southernmost 
hydroboundary of the study area. The banks of the river 
Ganga are alternatively sloping and abrupt, a cliff on 
one side being usually faced by a slope. 
The Mahawa 
The river Mahawa, which takes its origin in the 
neighboring Moradabad district enters Sahaswan sub-
division from northwest side traverses diagonally 
through the lowland and flows in a southeasterly 
direction. Afterwards continuing a southeasterly course 
it joins the Ganga on the down stream side near the 
Ujhani town. 
The Sot 
The main drainage line of the tract lying east of 
the high land is the perennial stream known as the Sot 
which forms the eastern hydroboundary of the study area. 
It takes its rise in a lake near Amroha town in 
Moradabad district and flows in a northwest to southeast 
direction and finally joins the river Ganga on its 
downstream side. 
(19) 
CLIMATE AND RAINFALL 
The Sahaswan sub-division, which forms a part of 
the Central Ganga Plain, falls under the sub-tropical 
climatic zone and is characterised by three distinct 
seasons, namely, the winter, summer and monsoon. From 
November till the end of February the winter persists, 
with the mercury touching the lowest point in the month 
of January. Mean monthly temperature in the winter 
varies from 7 to 22.1°C. The chilly winter is followed 
in the month of April, by hot summer, westerly winds 
which often bring dust storm making the weather 
practically unbearable. The hot summer reaches its 
zenith in the mid of May when mercury touches 45 to 46°C 
and continues as such upto the second week of June every 
year. It is at this time, the monsoon breaks up and 
people feel relieved with first shower as the 
temperature suddenly drops. 
Rainfall 
The heavy rainfall takes place in the months of 
July and August when the area receives about 80% of the 
total precipitation. The monsoon ends in the month of 
September. The winter rainfall sometime takes place by 
the middle of January but it is not a usual practice. 
The average annual rainfall at Sahaswan sub-division is 
817mm. 
(20) 
Ar-eat Distribution of Rainfall 
A Perusal of the isohytal map (Fig.4) shows that 
the rainfall gradually decreases from east to west. The 
area of the district on the east receives high rainfall 
than the area close to the Ganga river. 
Variability of Rainfall 
The annual rainfall data of the only rain-gauge 
station at Sahaswan, for the period 1912 to 1992 have 
been statistically analysed (Appendix I). The analytical 
results are tabulated (Table 1) as under : 
Table 1 Results of Statistical analysis of annual 
rainfall at Sahaswan rain-gauge station. 
Highest Rainfall (1916) 1447.80mm 
Lowest Rainfall (1976) 214.90mm 
Mean 769.72mm 
Standard Deviation 262.50mm 
Coefficient of Variation 34.10% 
The table shows that the highest rainfall at Sahaswan 
was recorded as 1447.80mm in the year 1916 and lowest as 
214.90mm in the year 1976. The mean annual rainfall for 
the study area is 769.72. The standard deviation is 
262.50mm and the coefficient of variation is 34.10%. 
Further, the departure of annual rainfall from mean 
rainfall has been plotted (Fig.5). 
(21) 
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DROUGHT ANALYSIS 
The rainfall considerably varies in space and 
time. Droughts and floods are the consequence of this 
variability. In general, drought refers to large and 
prolonged lack of rainfall affecting agriculture, 
domestic water supplies and other water dependent 
economic activities. But with the developing techniques 
of operational management of our water resources, a 
drought condition has to be viewed from three different 
angles (Upadhya et aL, 1989). 
(a) Meteorological 
When the actual rainfall is less than the normal 
rainfall by 25% or more over an area. 
(b) Hydrological 
When there is a marked depletion of surface water 
and drying up of lakes reservoirs and rivers. It may 
also result in recession of glacier due to insufficient 
regeneration of seasonal snow cover. 
(c) Agriculture 
When soil moisture is inadequate to support 
healthy growth of crops, water table goes deeper and 
groundwater is unable to meet the demand. As the study 
area forms a part of the central Ganga basin, which is 
basically an agricultural tract, the computations are 
mainly based on agricultural definition of drought. 
(22) 
The classification of drought based on the 
percentage of the negative departure of rainfall from 
its mean are as follows. 
Percentage of Departure Types of Drought 
0.1 - 25.0 Mild drought 
2 5.1 - 50.0 Normal drought 
50.1 - 75.0 Severe drought 
7 5.1 - 100.0 Most severe drought 
A analysis for the drought frequency shows that 
the area has been experiencing drought of varying 
intensity over the period of 1912 to 1992. The table (2) 
shows the year and frequency of occurrence of drought in 
the study area. 
Table 2. Results of Drought Analysis at Sahaswan. 
Type of Drought Year Frequency of 
occurrence (^"1) 
Mild Drought 1920, 1923, 1934, 12.68 
(0-25%) 1941, 1949, 1951, 
1952, 1954, 1992. 
Normal Drought 1912, 1913, 1928, 21.13 
(25-50%) 1929, 1931, 1932, 
1935, 1937, 1938, 
1944, 1947, 1972, 
1984, 1986, 1991. 
Severe Drought 1918, 1966, 1968, 7.04 
(50-75%) 1976, 1987. 
(23) 
SOIL TYPES 
The development of soils in the area can be 
correlated to the different geomorphological divisions 
such as Sot plain, Central high land and the Ganga-
Mahawa low land. There are only three types of soils in 
the area (Fig.6) namely Sandy loam to Clayey loam, Sandy 
soil and loam. The Ganga-Mahawa low lying area is 
covered by sandy loam to clayey loam, the upland tract 
is characterised by sandy soils while the area lying 
between eastern margin of upland and the right bank of 
Sot river is characterised by loam soil which at places 
in the depressions becomes clayey loam. However, a brief 
description of the soil types of the area is as under. 
Sandy loam to Clayey loam 
This type of soil occupies the low lying areas 
close to the left bank of the Ganga river which gets 
flooded every year. The soil is sandy loam to loam which 
this tract receives year after year because of 
overflowing of the Ganga and Mahawa rivers during flood 
season. Generally, the deposit is silty in nature with a 
mixture of clay particles, which varies in colour from 
high grey to ash grey. The soil is immature and has 
silty to silty loam texture. 
(24) 
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Sandy soil 
This type of soil covers the entire Central upland 
which trends in a northwest to southeast directions. It 
is a pure sandy soil. In local language it is called as 
Bhur. The cultivation in the tract is unstable. 
Loam 
The area lying east of the Central upland and 
terminating at Sot river is a fine stretch of consistent 
loam soil. The soil is sticky and loam to clayey loam in 
texture and grey in colour. Calcareous concretions are 
formed as a separate horizon or intercalated within the 
clay beds. The cultivation is good in the tract. 
LAND USE PATTERN IN THE SAHASWAN SUB-DIVISION 
The statistics regarding land use pattern in the 
sub-division is given in the table 3. 
Table 3 Land use pattern in Sahaswan Sub-division 
(in hectares) 
Area 
Forest 
Cultivable waste land 
Present Fallow land 
Other Fallow land 
Barren uncultivable land 
Land under non-cultivable use 
Pastures 
Miscellaneous 
Net area sown 
107300 
2352 
961 
4751 
3082 
2159 
3670 
251 
2596 
87504 
(25) 
A perusal of the table shows that out of the total 
area 107300 hactares, 81.55% area is under cultivation. 
An area of 3252 ha is covered by the forests. Wasteland 
and barren lands cover an area of 2169 ha i.e., 2.02% of 
the total area of the sub-division. 
Further, Fig.7 shows the groundwater utilisation 
pattern in the study area. As the groundwater is the 
only source of water supply, about 85% of it is used for 
irrigation and rest for domestic and other purposes. 
(26) 
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other uses 
Fig.7 - Pie diagram showing groundwater use 
pattern in the area. 
CHAPTER - III 
GEOLOGY 
The Indo-Gangetic plain is a broad, monotonous, 
level expenses built-up of Quaternary alluvium which 
conceals the solid geology of its floor. 
The Indo Gangetic plain is broadly divided into 
five major basins which are as follows (Fig.8) 
1. The Indus basin 
2. The Punjab basin 
3. The Brahamputra basin 
4. The Bengal basin 
5. The Ganga basin 
All the basins have complex nature of their sub 
surface topography comprising ridges and depressions 
which were covered by the Quaternary alluvium with 
varying thickness and water qualities. The present 
discussion will confine to the Ganga basin only as the 
study area forms a part of the central Ganga-basin. 
(27) 
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GAN6A BASIN 
The Ganga basin is one of the largest groundwater 
basins of the world. It is located between the northern 
fringe of Indian peninsula and the Himalayas and extends 
from Delhi-Haridwar ridge in the west to Monghyr-Saharsa 
ridge in the east, 
Delhi-Haridwar ridge trends under the subsurface 
condition in the north-east direction towards Himalayan 
foot-hills, is a metasedimentary formation of middle 
Proterozoic age which practically forms the western 
limit of the Ganga-basin. 
The Monghyr-Saharsa ridge is the north eastern 
extension of satpura metamorphics of upper Archean age. 
The ridge exposed at the right bank of the river Ganga 
near Monghyr town extends in north-east direction under 
the alluvium towards Saharsa town and beyond which forms 
the eastern extent of the Ganga basin. 
The large scale exploration during the past three 
decades, by the Oil and Natural Gas Commission and 
Central Grounds Water Board, in search of oil and 
groundwater has brought to light the following 
configuration of the Ganga basin. 
(28) 
The oldest rock formation in the Ganga-basin is 
the Bundelkhand granitic massif, which forms the 
basement. This batholithic mass, later on, under went 
block faulting leading to the generation of two 
grabens/depression and one horst. 
The depressions are known as the east Uttar 
Pradesh shelf and west Uttar Pradesh shelf while the 
horst is known as Faizabad high. These depressions 
became the site of deposition of Upper Vindhyan 
formations which extends further towards the Himalayas. 
The horst part probably remained above the sea as no 
formation has so far been reported to overlie it (Sastri 
et al., 1971). 
East Uttar-Pradesh shelf 
It lies between the Monghyr-Saharsa and Faizabad 
Ridges. This shelf merges due north into the Gandak 
depression where the thickness of sediment is considered 
more than 6000 metres which overlies the granitic 
basement. 
Faizabad Ridge 
This is the north-east extension of the Budelkhand 
granitic massif into the central part of the Ganga basin 
and extends further towards the Himalayan foot-hills. 
(29) 
The distribution of the Vindhyan sediments, east 
and west of this ridge, in the Ganga-basin shows that 
the ridge has been a positive area throughout the 
Vindhyan sedimentation, dividing the basin thereby into 
the Eastern and Western shelves (Srivastava et 
al.,1983) . 
West Uttar Pradesh Shelf 
The west Uttar Pradesh shelf lies between the 
western flank of Faizabad high and the Delhi Haridwar 
ridge. The central part of the west Uttar Pradesh Shelf 
lying along the Kasganj-Ujhani-Puranpur section is one 
of the very well studied area of the Ganga basin. 
The Moradabad Fault which trends in NE-SW is 
considered to be an off-shoot of the Great Boundary 
Fault. 
Besides these longitudinal faults, various 
transverse faults of varying ages and dimensions are 
also there to impress upon the stratigraphic seguence, 
some of them may be the resultant of the most violent 
third phase of the Himalayan orogeny (Valdiya, 1976) 
(Fig.9). 
In the western Uttar Pradesh shelf, the granitic 
basement and the upper Upper Vindhyan and Neogenes 
sedimentary covers were criss-crossed by the 
(30) 

longitudinal and transverse faults, generating thereby 
an uneven configuration of the sub-surface topography 
comprising alternate ridges and depressions which are as 
under. 
Sharda Depression 
The northern part of the west Uttar Pradesh shelf 
is known as the Sharda depression which has very huge 
thickness of sediments close to the Himalayan hills. 
Delhi-Haridwar Ridge 
It represents a north-eastward extension of Delhi 
folded belt. The Ganga basin is probably delimited by 
this ridge and the Upper Vindhyans, gradually thinout 
towards this Ridge. 
Kasganj-Tanakpur Spur 
It is the northern extension of the Budaun Arch in 
the Ganga basin. The eastern edge of this spur coincides 
with the sub-surface extension of the Great Boundary 
Fault ( Raiverman et. al., 1983 ). 
ORIGIN OF GANGA BASIN 
In the early part of this century the Ganga-basin 
was interpreted to be a foredeep (suess, 1904-1924), or 
a great rift valley (Burrad, 19J5), filled with alluvium 
of thickness 4.5 km (Oldham, 1917) to 20 km 
(Poscoe,1964). 
(31) 
According to Krishnan (1968), the Ganga basin was 
formed as result of buckling down of the Northern fringe 
of the Peninsular shield thrust over from the north. 
Valdiya (1982) interpreted it as a resultant effect of 
sagging of the northern flank of platform around the 
Bundelkhand shield, following the main episode of 
Himalayan orogeny. Subsequently, this depressed platform 
became the site of the sedimentation by various fluvial 
agencies emerging from the newly risen Himalayas and the 
Peninsula. 
Dickenson (1974) considered the Ganga basin as a 
peripheral foreland basin (Fig.10) formed due to 
continent-continent collision between Indian and Asian 
plates. The basin has been developed on the under thrust 
Indian plate. The cause of this development can be 
attributed to the loading of thrust sheets in Himalayas, 
which caused a viscoelastic flexture in the crust 
allowing sediments to accumulate under fluvial process. 
SUB-SURFACE GEOLOGY OF THE AREA 
The study area forms a part of Budaun Arch, an 
anticlinal structure below the unconformity, between 
upper Vindhyan and overlying Siwaliks, have been 
delineated with the help of Geophysical surveys and 
(32) 
Fig.10 - Showing continental collision of Indian and Arabian 
plates with the Asia (After, Reading, 1986). 
drilling by the O.N.G.C. at Kasganj and Ujhani. This 
structure is under a cover of homoclinically dipping 
Siwaliks. 
Hari Narain et al., (1982) prepared a tentative 
basement depth contour of the upper vindhyans for the 
Ganga basin from the available seismic data (Fig.11). 
This map shows that the depth to the basement gradually 
increase towards the Himalayan foot-hills. The 
Geophysical and drilling data by the O.N.G.C, have 
yielded valuable information regarding the sub-surface 
geological framework which are as follows. 
Table 4 : Vindhyans in Ganga basin. 
Wells Depth interval Thickness Age 
(in metres) (in metres) 
Kasganj Structural 620-1250 
Ujhani deepwell 1010-2062 
630 Upper 
Vindhyans 
1052 Upper 
Vindhyans 
Further, in order to depict the lateral and 
vertical variations of the stratigraphic sequence of the 
basin a section was prepared (Fig.12). 
(33) 
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On the basis of the driling data and the field 
investigation, the sub-surface geological sequence of 
the area is furnished as under: 
Age Sequence Depth range 
(in metres) 
Thickness 
Quaternary 
Upper 
Siwaliks 
Middle 
Siwaliks 
(Neogenes) 
Upper 
Vindhyans 
(Upper 
Proter-
ozoic) 
Archean 
Alternate layers of 
Sand and Clay with 
interbeds of calc-
concretions 
unconformity 
0 - 510 510 
Coarse to Medium 
sand stone with 
veriegated claystone 
and occasional 
carbonaceous streaks 
unconformity 
510 - 1018 508 
Greenish-gray 
dolomite Limestone, 
Reddish, Brown 
argillaceous lime-
stone Quartz-Wacke 
Quartz arenite 
unconformity 
1018 - 2062 1052 
Bundelkhand 
granite basement 
2062 
(34) 
Finally, it is inferred that on the eroded surface 
of the basement, upper Vindhyans were deposited 
sometimes during the upper proterozoic era. Thereafter, 
they under-went Post-Vindhyan faulting and erosion since 
Cambrian to lower Miocene. During this long span of time 
» 
encompassing about 500 million years, the Vindhyan 
topography was reduced to almost peneplanations and on 
this eroded surface of Upper Vindhyans, the Siwaliks 
were deposited which was followed by the deposition of 
Quaternary sediments. 
(35) 
CHAPTER - IV 
HYDROGEOLOGY 
The Ganga basin is one of the biggest repositories 
of groundwater in the world. The state of Uttar Pradesh 
covers a major part of it and has been divided into five 
distinct hydrogeological zones (Fig.13) viz. 
Intermontane valley fills, Bhabar or Piedmont zone, 
Terai or Wetland zone, Central Ganga Plain and Southern 
Marginal Plain. 
The Piedmont deposits stretch parallel to the 
Himalayan foot-hills in a 10 to 30 km width due south 
upto the spring line. These deposits are highly 
transmissive in nature. The southern limit of this zone 
marks the beginning of the Wetland or Terai zone which 
manifests itself by a series of springs. However, the 
southern limit of Terai imperceptibly merges with the 
Central Ganga plain. The fifth hydrogeological unit that 
is the Southern marginal plain, lies between Central 
Ganga plain and the Bundelkhand Craton. 
(36) 
Fig 1^- HydrogeoLogicaL zones of Uttar-Pradesh 
(After Pathak, 1978). 
The Central Ganga Plain which is the vast 
alluvial tract lying south of Terai zone and bounded in 
south by the river Yamuna upto Allahabad and further 
eastwards by the river Ganga. This is characterised by 
low relief and numerous depositional features like old 
channels, natural levees, meander scrolls suggesting 
that the Ganga river systems have occupied and abandoned 
several courses while the plain has been in the making. 
The shifting rivers carved newer meander belts at lower 
topographic levels. In the process, the ancient Meander 
Flood Plains were left-off as extensive highlands or 
ridges that act as present day water divides. Thus, the 
Central Ganga Plain presents, surficially two distinct 
sub-units. The highlands or the Composite Flood Plain 
and the low riverine areas or the Meander Flood Plain 
(Dubey & Husain, 1991). The Composite Flood Plain 
comprises a northwest-southeast trending highlands lying 
between various rivers of the Ganga system which are 
located about 10 to over 3 0 metres above the adjoining 
low-lying areas. The low levelled peripheral foreland 
regions of the highlands are frequented by over-bank 
flows from the adjoining rivers during flood periods and 
receives fine grained deposits. On the other hand, the 
present day meander belts of the rivers form the Meander 
(37) 
Flood Plain. The Ganga and its tributaries shows an 
abundance of recent ox-bow lakes, meander scrolls, and 
channel scars. 
EVOLUTION OF AQUIFERS 
The evolution of the aquifer in fluvial system 
is dependent upon the hydrodynamics of the flow regime, 
geology and topography of the terrain leading to the 
terrigenous clastic deposition system. These 
depositional systems are typically represented as the 
channel, flood plain and backswamp deposits. 
Channel deposit 
Channel deposits are the water repositories formed 
by the accumulation of sediments below the stream. 
Channel deposits are the best example of fining upward 
sequence. The channel deposits of the river Ganga as 
observed in the study area from bottom upward comprise 
coarse sand with gravel through medium to fine sand to 
silt and capped by a thin clay layer. During the 
succeeding flood periods, this top layer of clay along 
with some fine sand layers is washed away and a fresh 
body of sand with the fining upward sequence is 
deposited. Thus, forming a genuinely thick terrigenous 
clastic deposits till the river changes its coarse due 
to some tectonic control. 
(38) 
Flood Plain Deposit 
The typical flood plain deposits are the 
moderately thick, medium to fine sand bodies of limited 
areal extent, deposited over the flood plain. These 
deposits are lenticular in shape and forms moderately 
potential aquifers in comparison to the highly potential 
aquifers of the channel deposits. Such deposits are the 
typical examples of semi-confined aquifers. Their depth 
of burial remain shallow (ten or a few hundreds of feet 
or metres). 
Back-Swamp Deposit 
Back-Swamp deposits are formed by left over flood 
water in the low lying areas, where the suspended 
sediment get settled under the influence of gravity and 
forms a lensoid body of sand which is later on, overlain 
by clayey horizon. Thus, there occurs enclaves of sand 
bodies intercalated within the underlying and overlying 
thick clay beds. 
Further, as the river changes its course, the 
position of the channel, flood plain and back swamp 
deposits also continue changing with the passage of 
time. This is the reason that no continuous body of sand 
or clay is found in a borehole except in the 
extraordinary conditions. Thus, the lithological 
variations are attributed to their mode of deposition by 
the constantly shifting nature of the stream draining 
the area. 
The various aquifer systems, thus, generated by 
the river Ganga in the study area are as follows : 
1. Channel deposit 
2. Flood plain deposit 
3. Back-Swamp deposit 
Aquifer Geometry 
In order to study the aquifer disposition and 
their lateral and vertical extent a fence diagram 
(Fig.15) and various hydrogeologic cross-sections 
(Fig.16a to 16e) have been drawn utilising the 
lithological logs of State tubewells (Appendix II) 
drilled down to the depth of 115 metres below ground 
level (b.g.l.) over the years, in the study area. The 
location of tubewells and lines along which cross-
sections have been prepared are shown in Fig.14. 
A perusal of the penal diagram shows at a glance 
the sub-surface disposition of aquifers in the area 
under investigation. By and large, the granular zones 
underlying the top clay bed predominate over clay bed in 
the entire study area except in the south and southeast 
portions where thin and thick clay beds predominate 
(40) 
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dividing the otherwise single aquifer into three to six 
parts which characterize the flood plain deposits. 
The section C-D is drawn east-west. In this 
section initially the thickness of the granular zone is 
quite overwhelming but exactly in the middle of the 
section there occurs rapid alternation of clay and sand 
beds where the clay beds predominate over the sandy 
horizons. Further east, the granular zones regain their 
prominence as the clay pinches out but again at the 
eastern end, the aquifer appears to be punctuated by 
pinching out clay beds. 
More or less the above scenario of the aquifer 
dispositions are very well displayed in the sections 
A-B, E-F, G-H and I-J which probably represent channel 
to flood plain deposits. 
The aquifer materials consist fine to medium grey 
micacious sand occasionally mixed with coarse sand which 
comprises about 7 0% of the total formations encountered 
down to a depth of llSm.b.g.l. However, the sand-clay 
ratio changes due south where the clay beds occur in 
rapid alternations humbling thereby the thickness of 
granular zones. By and large these aquifers appear to 
merge with each other and behave as a single bodied 
aquifer system. 
(41) 
Sand Percent Map 
The sand percent map (Fig. 17) has been prepared 
for the aquifer material encountered in the boreholes 
drilled down to the depth of llSm.b.g.l., to identify 
their thickness and lateral extents. For the purpose, 
the area has been divided into four sand percent zones 
viz. (1) <40 (2) 40-60 (3) 60-80 (4) >80 percent. The 
value of sand percent varies from place to place in the 
study area. The zone around Sahaswan town evinces the 
lowest percentage of the granular zone (<40) and 
contrary to it, in the western, northern and the 
northeastern part of the area, the percentage exceeds 
more than eighty percent. In the southern part, that is 
Ganga-Mahawa flood plain, the granular formations ranges 
between 60 to 80 percent. 
It can be inferred from the sand percent map that 
the granular zone increases in thickness from the 
central part around Sahaswan town due north, east and 
west directions respectively. This is substantiated also 
by the fence diagram and the various hydrogeological 
cross sections. 
Fine to medium sand generally comprise the aquifer 
material save the channel deposits which range from 
medium to coarse sand with occasional gravels. 
(42) 
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Grain size analysis of the Aquifer Material 
Particle size of the Gangetic alluvial deposits is 
an important textural element as it is related to the 
hydrodynamic conditions of deposition of the Ganga river 
system. 
The common method of measuring particle size is 
sieving. The purpose of the mechanical analysis is to 
obtain graphic or numerical data about the particle size 
in a sediment. Size analysis has been used in 
determining, if a sand will contain water. 
The understanding of the factors that govern the 
hydraulic transmission of groundwater through an aquifer 
is indispensable for the economic development and proper 
utilization of ground water resources. 
Permeability is one of the most important 
quantitative measures of such transmission and is 
considered as the ease with which water flows through a 
porous medium. However, it is dependent both upon 
the physical properties of the flowing water and 
characteristics of transmitting medium. In many natural 
occurrences the lower the physical properties of flowing 
water, i.e. viscosity and specific weight are 
practically constant, so the permeability may be 
considered to be a function of the properties 
of medium alone (Masch,1966). Such medium properties 
(43) 
include the particle size, shape, structure, degree of 
compaction and grain size distribution. Many earlier 
workers attempted to relate these properties of aquifer 
materials to the transmitting capabilities of an 
aquifer. 
Krumbein and Monk (1942) studied the effect of 
both particle size and sorting in artificially mixed 
sand. They expressed their results in the following 
semi-emperical equation. 
K = veod^e"^-^^ cr 
where K is permeability in darcys 
d = geometric mean diameter 
e = dimensionless constant 2.718 
CT" = the log standard deviation of size 
distribution which is dimensionless and 
760 is a constant for the conversion of 
permeability units to Darcys. 
Bedinger (1961) developed a correlation between 
the laboratory permeability values and median grain 
size. He found that: straight line relation existed 
between the logarithm of the permeability and the median 
grain size diameter. The result of this work revealed 
that the permeability expressed in gal/ft^/day ranged 
from 9000 for very coarse sands to about 10 for very 
fine sands. 
(44) 
Johnson (1963) carried out an experimental work 
similar to Bedinger, and his results were also found in 
very close agreement with those of ^adinger. 
Further, the specific yield and several physical 
properties of sedimentary sample, including 
representative grain size diameter and a uniformity 
coefficient, were related, through an experimental work, 
by Preuss and Todd (1963). They concluded that a D^Q or 
median grain size was best studied as a measure of 
representative grain diameter. The uniformity 
coefficient used to describe the sample was defined as 
follows. 
u = D60/D10 
The result of this study indicated maximum value 
of specific yield occurred for D^Q between 0.4 to 0.5mm 
and the specific yield decreased for the values of D^Q 
out side this range. They also concluded that in 
general, specific yield decreased as the magnitude of 
uniformity coefficient increased. Cohen (1963) has done 
a work similar to Preuss and Todd, and his results were 
similar to those of Preuss and Todd. 
Masch (1966) found that permeability values 
increase with increasing value of MD^Q diameter. 
(45) 
Uma et al. , (1989) has given a new statistical 
grain size method for evaluating the hydraulic 
conductivity of sandy aquifers which is as under: 
K = A(D3^o)^ 
where, 
K = hydraulic conductivity 
A = constant 
D^o = effective grain size 
where, the value of A is established as 6 for sandy 
aquifer. 
In the present study, aquifer materials collected 
from the drilling sites were mechanically analysed. The 
equipment required for Sieve analysis include a small 
hot plate for drying up the samples, a set of standard 
testing Sieves and an accurate physical balance for 
weighing the aquifer material. A representative sample 
of 100-200gm was taken in laboratory by conning and 
quartering, oven dried and exact weight poured into the 
top sieve and covered with a lid. The whole nest was 
shaken through electrical sieve shaker for about 15 
minutes and material retained in each sieve was 
accurately weighed and data obtained were statistically 
analysed (Appendix III) . Percentage of material passing 
(46) 
through each sieve gave a point on grading curve. The 
grading curve was plotted on a semi-log paper (Fig.18a-
18f) and following parameters were derived. 
Effective grain size 
The term effective grain size was coined by Allen 
Hazen (1892) , in his studies of filter sands, which he 
defined as particle size where 10 percent of sand is 
finer and 90 percent coarser. It is accepted that D^Q is 
the most important parameter among those governing the 
permeability properties of a medium (Marsily, 1986). 
Uniformity coefficient of a sediment is a measure 
of how well or poorly sorted it is. The uniformity 
coefficient CU is the ratio of the grain size i.e., 60% 
finer by weight, D^Q, to the grain size i.e., 10% finer 
by weight, D-J^ Q. 
CU = Dgo/D^o 
A sample with lower values (cu < 2) indicate more 
uniform material or poor grading and higher value like 
cu>2.0 indicates well graded material and is indicative 
of lower porosity, that is, wider the range in size, 
lower is the porosity (Raghunath, 1990). 
(47) 
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Hydraulic Conductivity 
H y d r a u l i c c o n d u c t i v i t y was e v a l u a t e d by u s i n g 
formula of Uma e t a l . , ( 1 9 8 9 ) , 
K = A(D-Lo)^ 
where, 
A is a constant having value 6 for alluvial aquifer. 
D-^ Q is effective grain size. 
The statistically analysed results of the aquifer 
materials and the Ganga river sands are given in the 
table 5. 
Table 5 showing the value of effective size, 
uniformity coefficient and hydraulic 
conductivity (K) of aquifer material and 
Ganga River, 
S.No.Location Effective Uniformity Hydraulic m/day 
grain Coefficient Conductivity 
size(D-LQ) (CU) cms"-'-
1. 
2. 
3. 
4. 
5. 
6. 
Danpur 
Khairi 
Rafinagar 
Silhari 
Bhorkhitaura 
Depth 3 0cm 
Ganga 
River 
Depth 60cm 
0.130 
0.125 
0.071 
0.130 
0.120 
0.094 
0.084 
2.23 
1.68 
1.97 
1.85 
1.50 
1.56 
1.67 
0.101 
0.032 
0.030 
0.101 
0.086 
0.053 
0.042 
87.26 
27.65 
25.92 
87.26 
74.30 
45.79 
36.29 
(48) 
Perusal of the table 5 shows that the effective 
grain size of the aquifer material ranges between 0.071 
to 0.13mm, which shows that the sand size ranges between 
medium to fine. The uniformity coefficient ranges 
between 1.50 to 2.23. The results of uniformity-
coefficient reveal that except the aquifer material 
sample of Danpur, all samples show values of uniformity 
coefficient less than two (CU<2) which indicate higher 
porosity i.e., they are uniform. The Uniformity 
Coefficient of the Ganga sediment ranges between 1.56 to 
1.67, which is less than two (CU<2) and indicates that 
the porosity of the Ganga sediment is high. The 
hydraulic conductivity of the Ganga sediments ranges 
between 4 5-3 6m/day. 
Depth to Water table 
The water table is the upper surface of an 
unconfined aquifer, where hydrostatic pressure is at par 
with the atmospheric pressure. It is mainly defined by 
the water level in the wells penetrating the aquifer 
just enough to hold the standing water. However, in 
general the water levels standing in the dugwells are 
considered accurate enough to represent water table of 
an area. 
The recharge and discharge areas are deciphered 
accurately enough by the water table maps. Recharge 
(49) 
area is characterised by deeper water table, whereas, 
shallow water table indicates discharge area (Fetter, 
1988) . 
The water level data, of evenly spaced observation 
well network (Appendix IVA and IVB) spread over the 
entire area under investigation were utilized to prepare 
depth to water level maps for the pre-monsoon and post-
monsoon periods for the observation years 1991 and 1992 
respectively. 
Figures 19a and 19b show the depth to water level 
for the pre-monsoon (June 1991,1992) and figures 20a and 
20b show the depth to water level for post-monsoon 
period (November 1991,1992). 
Depth to water table (Pre-monsoon, June 1991,1992) 
The depth to water level map depicts the variation 
in water level in the entire area. The water level in 
pre-monsoon June, 1991 ranges between 1.44 to 9.44 
m.b.g.l. while in pre-monsoon 1992 ranges between 1.91 
to 9.65 m.b.g.l. Because of the varying water levels, 
the study area has been divided into five depth to water 
level zones viz.(l)<2m (2) 2 to 4m (3) 4 to 6m (4) 6 to 
8m (5) >8m.b.g.l.(Fig.l9a & 19b). The Ughaithi village 
located on the upland at the northern end of the area 
shows the deepest water level viz. 9.44 and 9.65m.b.g.l. 
(50) 
in 1991 and 1992 respectively, whereas, Naseerpur 
Ghausia village located on the right bank of the Mahawa 
river shows the shallowest water level viz. 1.44 and 
1.eim.b.g.l. during the observation years 1991 and 1992 
respectively. 
A perusal of the maps shows that in general, the 
area adjacent to the river Ganga and Mahawa have shallow 
water level while deeper water levels are recorded 
generally on the upland tract or the water divide which 
extends northwest to southeast direction very well 
across the study area and goes further beyond into the 
adjacent district of Moradabad. In major part of the 
area lying between the Ganga and Mahawa rivers, the 
depth to water level ranges between 2 to 4m.b.g.l. and 
at places even less than 2m.b.g.l. However, at places 
close to the left bank of the river Ganga water level is 
recorded slightly over 4m.b.g.l. at Prasad ki Mandiya 
and Fazilpur villages which may possibly be due to the 
Clay plug. 
The depth to water level all over the upland tract 
ranges between 6 to Sm.b.g.l. Further, the depth to 
water level in the entire central part lying between the 
upland margin and the diagonally traversing Mahawa river 
ranges between 4 to Sm.b.g.l. 
A comparison of pre-monsoon 1991 and pre-monsoon 
(51) 


1992 maps shows a slight difference in the depth to 
water level. The water level in the year 1991 becomes 
slightly deeper in comparison to 1992 which is 
attributed to the comparatively higher rainfall during 
1992. 
Depth to water table(Post-monsoon, November 1991,1992) 
Figures 2 0a and 2 0b show the depth to water of 
post-monsoon(November 1991,1992) 
A perusal of the above mentioned figures shows 
that the shallowest water level recorded in the post 
monsoon i.e. November 1991 and 1992 was 0.92 and 
0.71m.b.g.l. at Naseerpur Ghausia close to the Mahawa 
River. In the upland area the deepest water level 
measured was 8.36 and 8.32m.b.g.l. at Ughaithi village 
at northern fringe of the upland. 
A comparative study of the post-monsoon depth to 
water level maps of the study years 1991 and 1992 show 
that the contour of value 4 m sweeps much larger areas 
by pushing the contour of value 6 m further north, in 
the year 1992 than in 1991, particularly in the sandy 
upland tract, which is distinctly due to the excessive 
recharge through higher rainfall during 1992. 
(52) 


Water Level Fluctuation 
The groundwater level fluctuates as a function of 
time and space in response to precipitation. 
Fluctuations in water level indicate both changes in the 
actual quantity of water stored in aquifers and movement 
of groundwater. 
Water table fluctuation is a direct response of 
the groundwater recharge and discharge in an area. Since 
the rainfall is the principal source of groundwater 
recharge water table rise has sympathetic relation to 
rainfall in a particular period. Intensity, duration and 
distribution of rainfall are the controlling factors on 
groundwater recharge. In addition, topography plays a 
vital role on the water table fluctuation and quantum of 
recharge. It is commonly observed that the water table 
is deep in topographic highs and shallow towards the 
topographic lows, correspondingly, the annual 
fluctuation of water table is also higher in the uplands 
and low in the depressions, while the amount of rainfall 
remaining the same in the area. The subsurface outflow 
or inflow component of groundwater makes this 
difference, while there would be sufficient space 
available for groundwater infiltration and accumulation 
in the upland areas, shallow water table and water 
(53) 
logged conditions in the low lying areas leave little 
space for groundwater recharge. As a consequence there 
would be more surface run-off in the low lying 
areas.(G.K. Rao,1987). 
Water level in wells are almost constantly 
fluctuating and decline or rise by few centimeter or a 
metre within a relatively short time. Water levels in 
water table aquifers are affected by direct recharge 
from precipitation, evapotranspiration, withdrawal from 
wells, discharge to stream and some time changes in 
atmospheric pressure. 
Water level in wells, near surface water bodies, 
like lakes and streams, fluctuate in response to changes 
in surface water stages. The fluctuation from the effect 
of surface-water-stage changes decrease with distance 
from surface water body. Discharge of groundwater to 
nearby streams like Sot, Mahawa and the Ganga is 
greatest during periods when the water table is high and 
is least during periods when the water table becomes 
deep. A large portion of stream flows are the 
groundwater run-off, therefore, stream flows are 
inconsiderably influenced by groundwater levels. 
Under water table conditions the fluctuations are 
largely due to actual movement of water into and out of 
the aquifer. 
(54) 
Water level respond to alternating series of wet 
and dry years in which recharge from precipitation is 
above or below the mean (Walton, 1970). 
In over developed area like Sahaswan town, 
groundwater level continues a downward trend as 
discharge has far exceeded the quantum of average annual 
recharge. 
Figures 21a and 21b have been prepared to depict 
the fluctuation in water levels between pre and post 
monsoon periods during 1991 and 1992. The difference in 
groundwater levels shows a seasonal patterns of 
fluctuations. This is resultant of the recharge through 
the rainfall, evapotranspiration that follow well 
defined seasonal cycles (Todd, 1980). 
A perusal of fluctuation map (Fig.21a) shows that 
the maximum fluctuation (1.08m) in the area was recorded 
at Ughaithi located on the northern upland tract, while 
the minimum (0.10m) was observed at Machona ki Mandiya 
village located close to the river Mahawa. 
The fluctuation in water level decreases from 
north to south and accordingly, the area has been 
divided into seven distinct zones which are as under: 
(1) -0.6 to -0.4 (2) 0.0 to 0.20m (3) 0.2 to 0.4m 
(4) 0.4 to 0.6m (5) 0.6 to 0.8m (6) 0.8 to 1.Om 
(7) > 1,0m 
(55) 
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Further, in the major part of the area, the 
fluctuation pattern ranges between 0.4 to 0. 6in closely 
followed by 0.2 to 0.4m. However, at places fluctuation 
slightly over a metre was also recorded. 
Negative fluctuation has been observed during the 
year 1991, at two places viz. Sahaswan town and Nagla 
Dallu village, which may be due to the scanty rainfall 
and excessive withdrawal of groundwater. 
The fluctuation map of 1992 (Fig.21b) shows a 
slight variation in the pattern which may be due to 
excessive recharge through rainfall. 
In heterogeneous formations, hydraulic properties 
change spatially. The shallow aquifer comprising fine 
through medium to coarse sand shows a fluctuation 
ranging from 0.6 to 1.08m and in an alternate sand and 
clay beds fluctuation ranges between 0.4 to 0.6m and 
where clay beds predominate over the granular zones 
fluctuation varies from 0.2 to 0.4m. 
Finally, the study shows that the variations in 
the fluctuation occurring in the area are solely due to 
changes in lithounits, their variations and their 
recharge capacity. Lithounits show different reactions 
to the recharge proportionate to their porosity and 
permeability characteristics for the same quantum of 
(56) 
rainfall over the entire area. 
Groundwater Movement 
Water level data of the observation wells for the 
years 1991 and 1992 (Pre-and post-monsoon) were utilized 
to prepare water table contour maps. The collected water 
level data of each observation well was substracted from 
the mean sea level of that particular location. The 
final values were utilized to prepare the water table 
contour maps. 
These maps are used to decipher the groundwater 
flow direction, areas of recharge and discharge, 
hydraulic gradient and nature of the stream draining the 
area. In a water table contour map, convex contours 
indicate region of groundwater recharge, while concave 
contours are associated with groundwater discharge 
(Todd,1980). 
Moreover, the convergence of flow lines depict the 
area of discharge and divergence of flow lines indicate 
area of recharge (Fetter,1988). 
Form and slope of water table 
A perusal of the maps (Fig.22a and 22b) show that 
the elevation of water table above the mean sea level 
ranges between 17 6 in the northwest to 162 metres in 
the southeast direction respectively. The general flow 
(57) 


of the groundwater is from northwest to southeast 
direction, which is in conformity with the topography 
and the regional groundwater flow direction in the 
Central Ganga Basin. 
However, in the western and southern part of the 
study area the groundwater flow direction is due south, 
whereas, in the northwestern and southcentral parts it 
is in the southwest to south directions. These 
variations in the groundwater flow direction are due to 
local factors. In general the hydraulic gradient ranges 
between 0.08 m/km to 6.5 m/km. 
The Ganga and Sot rivers form the southern and 
eastern hydroboundaries of the area, while the river 
Mahawa which diagonally traverses due southeast appear 
to be effluent in nature, as the groundwater flows 
towards these rivers. 
The contours are widely spaced in the central, 
northern, northeastern and in the area lying between the 
Ganga and Mahawa rivers which show a flat gradient and 
high permeability horizons. However, low permeability 
zones are observed at Sahaswan, Mustafabad and Aslaur 
sub-parallel to the right bank of Mahawa river. 
Further, a trough appears to have formed around 
Sahaswan town due to the excessive withdrawal of 
groundwater over the years. Moreover, the contours of 
(58) 
the trough are closely spaced indicating very steep 
gradient, which is probably due to the high pumpage and 
the presence of low permeability horizons. 
The water level in the trough has declined so 
much so, that even the river Mahawa, which is effluent 
throughout its stretch has now changed into an influent 
one. This reversal of the hydraulic gradient is the 
resultant of the heavy pumpage of groundwater. Moreover, 
the recharge through the rainfall is limited to a period 
of four months (June to September) only while the 
withdrawal continues throughout the year. 
Post-monsoon water table contour 
Figures 2 3a and 2 3b show the post-monsoon water 
table contour maps for the period 1991 and 1992 
respectively. The post-monsoon contour maps of the 
observation years (1991-1992) remain more or less the 
same but the trough at Sahaswan persists, even in the 
post-monsoon periods. 
Piezometric Level Map 
A piezometric level map (Fig.24) has been prepared 
utilizing the piezometric heads in the deep state 
tubewells. The map depicts that the pattern of 
piezometric level contours is almost similar to that of 
water table contour maps (Fig. 22 and 23) which means 
that the top aguifers are interconnected with the 
(59) 
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immediately underlying semi-confined aquifers. On the 
northern fringe of the upland, the piezometric head is 
higher than the water table by one metre as the same is 
depicted by the pre-monsoon water table for the year 
1991. 
Hydrograph 
Hydrographs have been prepared, by taking the 
water levels of the key observation wells, in order to 
study the behaviour of water level with respect to time 
and space and its dependence on natural phenomenon. The 
hydrographs of the wells for the period of 1981 to 1992 
were prepared (Fig.25). A perusal of these hydrographs 
indicate that the water level variation is cyclic and 
sinosoidal as a function of time and space. The water 
level is deepest during the month of June and shallowest 
during the month of November every year. It is observed 
that water level starts rising by the last week of June 
and attains shallowest level in November. From November 
onward there is sharp decline in water level till 
January. From January onward the recession in water 
level is slow indicating natural groundwater discharge 
through steady sub-surface outflow, in harmony with 
regional groundwater movement. 
(60) 
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From the above discussion it can be inferred that 
the water level has a rising and declining trends with 
respect to time and space, a function which causes such 
rises in water level that is input source, which in this 
case is the rainfall. 
Correlation with Rainfall 
The monthly rainfall data of the only rain gauge 
station in Sahaswan sub-division, has been utilized to 
study the long range trend of water level as a function 
of rainfall. The hydrograph has been prepared utilising 
the water level data of a observation well of State 
Groundwater Department. 
A perusal of the map (Fig. 26) shows that the 
response of the water level to the rainfall and drought 
is guick. The ascent of water level is also affected by 
the intensity and distribution of rainfall. Inspite of 
the rainfall, the observation well at Sahaswan town 
became dry during 1991 and 1992 which is attributed 
simply to the excessive pumpage. On the other hand 
drying up of the well in 1988 is in response to low 
rainfall in 1987. 
Iso-permeability map 
Permeability is the most important hydrogeological 
parameter of an aquifer. It determines the ease with 
which a fluid passes through a porous medium. Keeping 
(61) 
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this in view, the Isopermeability map (Fig.27) has been 
prepared to show permeability variation and its pattern 
in the study area. The specific capacity and drawdown 
data of the tubewells all over the area were evaluated 
and utilized for the determination of transmissivity and 
permeability by Logan's formula. 
According to Logan (1964), if a well is pumped for 
such a long period that the flow is in steady state, 
then an approximate estimation of the order of magnitude 
of the transmissivity can be determined using the Theims 
formula for a confined aquifer which can be written as. 
2.3 Q loq{r^^^/rw) 
T = ... (1) 
2 7\ Smw 
where, 
r = radius of pumped well in metres 
••^ max "^  radius of influence in metres 
Smw = maximum drawdown in pumped well in metres 
Further, he suggested that the accuracy of the 
calculation depends only on the accuracy of the 
measurement of Smw (on which well losses may have 
substantial influence) and on the accuracy of the ratio 
rj^ j^^ /rw. Generally, it is observed that ratio rj^ ^^ /^rw 
can not be determined accurately. So, Logan opined that 
the variation in r^ ^^ ^^  and rw may be substantial, the 
(62) 

variation in the logarithm of their ratio is much 
smaller. Thus assuming average conditions of ratio a 
value of 3.3 3 for log ratio was suggested by Logan, 
which may be taken as rough approximation. 
Putting the value of ratio in equation (1) we get 
the Logan formula as under. 
1.22 Q 
T = ... (2) 
Smw 
where, Smw is the maximum drawdown in a pumped well. 
The perusal of the Iso-permeability map of the 
area shows that there are five isopermeability zones 
viz. (1) <25 (2) 25-30 (3) 30-35 (4) 35-40 
(5) >4 0m/day. 
The permeability is observed more than 40m/day 
near river Sot i.e., in the northeastern part of the 
area. Similar situation is also recorded at two isolated 
patches in the northern part of the area. In general, 
the permeability decreases from east to west. In the 
central part, of the permeability ranges between 20-
25m/day excepting an isolated patch where the 
permeability value is observed less than 20m/day. 
Similarly, on the western side, on the bank of Mahawa 
river the permeability is recorded less than 20m/day, 
(63) 
which may be due to the predominance of low-
permeability horizons. The area lying between the river 
Ganga and Mahawa has variable permeability, in the 
western part the permeability ranges between 2 0-2 5m/day 
to 2 5-3 0m/day, while in southern part it varies between 
3 0-3 5m/day. However, the average permeability value for 
the entire area is 31.35m/day. 
The inhomogeneity observed between sand percentage 
and Iso-permeability may be attributed to the subtle 
variation in the grain size, sorting characteristics and 
grain packing representing microscopic inhomogeneity 
that control porosity and permeability, and thus fluid 
flow characteristics. 
There is no provision in the area for conducting 
the pumping test to determine the aquifer parameters. 
However, the only pumping test of the shallow water 
table aquifer was conducted by the State Groundwater 
Department in adjacent area in Budaun district furnishes 
transmissivity and storativity (specific yields) values 
as 972.97m^/day and 0.16 respectively. 
Specific Capacity Index 
The specific capacity is an index of a well 
productivity and it also serves as a parameter of 
yielding and transmissive capacity of an aquifer. The 
(64) 
yielding capacity is being denoted by yield factor which 
expresses the specific capacity of the well for the unit 
thickness of the tapped aquifer. 
Specific Capacity 
Yield Factor = 
Thickness of the aquifer 
The bore-hole data of the wells drilled in the 
area were utilized to calculate the Specific Capacity 
Index of the various tubewells, which were subsequently 
used in preparing Specific Capacity Index map (Fig.28). 
A perusal of the map, evinces that the area can be 
divided into various yield factor zones. (1) <20 (2) 
20-25 (3) 25-30 (4) 30-35 (5) 35-40 (6) >40m/day. Near 
river Sot the yielding factor is >40m/day. The Specific 
Capacity Index value increases from the centre, due 
east, north and south respectively. The value of the 
Specific Capacity Index ranges from less than 20m/day to 
greater than 40m/day. A large area in the centre 
extending further due west is covered by the less than 
2 0m/day contour. However, the maximum value was recorded 
in the tract close to the Sot river. 
Further, in the area close to the river Ganga, 
three distinct zones of yield factors were encountered 
viz. 20-25m/day, 25-30m/day and 30-35m/day respectively. 
However, the average Specific Capacity Index value for 
the area is estimated to be 27m/day. 
(65) 

Isotransmissivity map 
The Isotransmissivity map of the area was prepared 
on the basis of the specific capacity index determined 
through the discharge drawdown data of the deep State 
Tubewells constructed in the area (Fig.29). A perusal of 
the map shows that the transmissivity values range 
between 640.08m^/day to 1697m^/day. The average 
transmissivity value (990.24m^/day) tallies well with 
the value of transmissivity (972.97m^/day) determined 
through the pumping test and data analysis carried out 
by the State Groundwater Department in the adjacent 
area (Anon, 1987). 
(66) 

CHAPTER - V 
GROUNDWATER RESOURCE EVALUATION 
India has a predominantly agricultural economy and 
water and land are amongst its most precious natural 
resources. The prosperity of the people depends in no 
small measure on how judiciously these are used. For 
evolving policies for the best use of water resources, 
it is vital to make an assessment of their magnitude, 
distribution and scope of utilisation. 
Quantitative evaluation of groundwater resources 
of a basin or part of it involves the principles of 
conservation of mass to account for the quantitative 
changes occurring in the various components of 
hydrogeological cycle. The quantitative changes may be 
expressed as a water balance equation, in which the 
inflow and outflow and change in storage in a period of 
time are represented by individual components. The 
general groundwater balance equation is expressed as 
under : 
I-O = +AS 
(67) 
Where, 
I = Inflow 
O = Outflow 
^S = Change in storage 
Groundwater is a replenishible resource but with 
intervention in the natural water cycle by man like the 
construction of more projects, causes imbalance in the 
hydrogeological situation. So, it is necessary to 
delineate various recharge and discharge components of 
groundwater and their impact on its variation with time. 
The Uttar Pradesh state faces the dual problems of 
declining water table and waterlogging. This is all due 
to the lack of proper planning and management of water 
resources. All canal command areas and Tarai regions of 
the state has acute waterlogging problem while the rest 
of the area is facing the declining trend of water 
table. The prevailing situation necessitates the precise 
evaluation of groundwater resources of a basin or part 
of it. 
The area under investigation lies between the 
Ganga and Sot rivers. The groundwater levels has been 
showing a declining trend which is due to the over 
exploitation of groundwater through shallow tubewells 
and improper well spacing . More so, the groundwater is 
the only source of water supply. 
(68) 
Thus, under the situation it is imperative to 
evaluate the total groundwater recharge and discharge in 
order to quantify the total water resources of the study 
area (Sahaswan Sub-division, District Budaun) located in 
the central Ganga plain. 
GROUNDWATER RECHARGE 
The groundwater recharge is an important parameter 
which forms an element for the evaluation of groundwater 
resources. It is a product of not only of 
hydrometeorologic and hydrologic process taking place on 
the surface, but also of complex sub-surface lithologic 
characteristics and changing situations imposed by 
groundwater recharge, movement and discharge (Baweja & 
Kranth, 1980). 
As there is no canal in the area, the groundwater 
recharge components in the area are as follows : 
1. Recharge through Rainfall. 
2. Recharge through irrigation return flow. 
The two important methods of groundwater recharge 
estimation are as under : 
1. Water level fluctuation-specific yield Method. 
2. Rainfall-recharge method Ad-hoc norms. 
(69) 
In the present studies the water level fluctuation 
method, as given by Groundwater Estimation Committee 
(Baweja & Kranth, 1980) has been used for the evaluation 
of groundwater recharge. 
Monsoon Recharge 
Geographical area = 1073 sq.km 
Water level fluctuation(1988-1992) =1.12 metres 
Specific yield = 14% 
I.M.D normal yearly rainfall = 817.7mm 
I.M.D normal monsoon rainfall = 734.3mm 
I.M.D normal non-monsoon rainfall = 7 3.8mm 
Average monsoon rainfall of 
the five years (1988-1992) = 647.16mm 
The formula given by Groundwater Estimation 
Committee to calculate the monsoon recharge is used to 
calculate the same, which is as under : 
A. Monsoon Recharge = [(Geographical Area x Sp.Yield 
X W.T. fluctuation) + gross 
Kharif draft - monsoon canal 
seepage - monsoon seepage from 
surface water irrigation 
monsoon recharge from 
Groundwater irrigation] x 
(Normal monsoon rainfall 
/Average monsoon rainfall) + 
monsoon recharge from surface 
irrigation + monsoon recharge 
from canal seepage 
= [(1073 X 0.14 X 1.12) + 51.13 -
0 - 0 - 15.34] X (734.3/647.16) 
+ 0 + 0 
(70) 
= (168.25 + 51.13 - 15.34) X 1.13 
= 204.03 X 1.13 
= 230.55 M.C.M. 
Monsoon recharge for the entire study area is 
230.55 Million Cubic Metre (M.C.M.). 
B. Non-Monsoon Recharge 
Non-monsoon recharge of the area is calculated as 
given below : 
Geographical area = 107 3 sq.km 
Average Non-monsoon rainfall = 50.54mm 
Infiltration factor = 25% 
Non-monsoon recharge = 1073 x 0.25 x 50.54/10-^ 
= 13.56 M.C.M. 
Gross Groundwater Recharge in the Basin 
The gross groundwater recharge = Monsoon Recharge + 
Non-monsoon recharge 
= 230.55 + 13.56 
== 244.11 M.C.M. 
The gross groundwater recharge in the area under 
investigation is 244.11 M.C.M. 
(71) 
Recoverable Recharge 
85% of gross recharge has been taken as 
recoverable recharge for irrigation. 
Total groundwater resources available 
for irrigation = Gross Recharge x 85% 
= 244.11 X 0.85 
= 207.49 M.C.M. 
GROUNDWATER DRAFT 
In the area under investigation, the various 
structures through which the groundwater is extracted 
are open wells, shallow farmer's tubewells, pumping 
sets, Persian wheels and deep state tubewells. The 
groundwater run-off from the area into the three main 
rivers viz. Ganga, Mahawa and Sot has not been taken 
into consideration due to non-availability of data. 
Instead the groundwater draft from the aforementioned 
groundwater structures has been used to calculate the 
groundwater draft. The groundwater draft in the present 
case has been calculated as the simple multiple of the 
population of the unit draft determined by the Uttar 
Pradesh State Groundwater Department (Hasan et al., 
1982) for each of the above mentioned groundwater 
structure. 
(72) 
Groundwater draft in the study area 
(a)Draft by state tubewells : 
Total number of state tubewells = 189 
Unit draft for each tubewell = 0.17 M.CM. 
Total draft by state tubewells = 189 x 0.17 
= 32. 13 M.CM. 
(b)Draft by shallow farmer's tubewells : 
Total number of shallow tubewells = 723 
Unit draft for each shallow tubewell = 0.0188 M.CM. 
Total draft by shallow tubewells = 72 3 x 0.0188 
= 13.59 M.CM. 
(c)Draft by Pumping sets : 
Total number of pumping sets = 10814 
Unit draft for each pumping set = 0.0109 M.CM. 
Total draft by pumping sets = 10814 x 0.0109 
= 117.87 M.CM. 
(d)Draft by Persian Wheels : 
Total number of Persian wheels = 8184 
Unit draft for each Persian wheel = 0.005 M.CM. 
Total draft = 8184 x 0.005 
= 40.92 M.CM. 
Total groundwater draft in 
the basin = a+b+c+d 
= 32.13 + 13.59 + 117.87 + 40.92 
= 204.51 M.CM. 
(73) 
Monsoon draft = 51.13 M.C.M. 
(25% of total draft is taken as monsoon draft) 
Net annual draft = 14 3.16 M.C.M. 
(70% of total draft is taken as net annual draft) 
WATER BALANCE 
+ ^S I - O 
I =: 207.49 M.C.M. 
O = 143.16 M.C.M. 
+ AS = 207.49 - 143.16 
+ ^ S = 64.33 M.C.M. 
The preceding evaluation shows that only 64.3 3 
M.C.M. utilizable resource potential is available for 
further exploitation. Hence, the situation necessitates 
a cautious development of groundwater resources in the 
study area. 
Groundwater Potential and Stage of Development 
Gross 
ground-
Water Re 
-charge 
MCM 
244.11 
Net ground-
water 
recharge 
(85% of 
gross) 
MCM 
207.49 
Gross 
ground 
-water 
draft 
MCM 
204.51 
Net 
ground-
water 
draft 
(70% of 
gross 
draft) 
MCM 
143.16 
Balance 
ground-
water 
availab-
le 
64.33 
Stage of 
ground-
water 
develop-
ment 
69.01 
(74) 
STAGE OF GROUNDWATER DEVELOPMENT 
To determine the stage of groundwater development 
NABARD's (National Bank for Agriculture and Rural 
Development) norms are used (Sinha, 1987) . 
Net yearly draft 
Stage of groundwater development = x 100 
Net recoverable 
recharge 
= (143.16/207.49)X 100 
= 69.01% 
According to NABARD'S norm, an area with less than 
65% of its groundwater development is considered as 
white or safe, 65% to 85% as grey or semi-critical and 
with more than 85% development as dark or critical. 
The availability vis-a-vis draft position of the 
groundwater resources shows 69.01% stage of groundwater 
development in the area. It is, therefore, suggested 
that in the area which falls under the grey or semi-
critical category further development of groundwater 
resources of the top aquifers be either restricted 
forthwith or attempted with extreme caution. Further, 
barrages be constructed on Sot and Mahawa rivers in 
order to irrigate the adjacent plains through canal 
networks to arrest the declining trend of the water 
table. 
(75) 
Moreover, it is also suggested that the flood 
flows of Sot and Mahawa rivers be diverted into 
underground reservoirs or stored in the surface 
depressions to recharge the almost starving top 
aquifers. 
Moreover, the aquifers only down to 115m depth 
have been tapped so far by the State tubewells while the 
deep potential aquifers down to VOOm.b.g.l. which are 
reported to be fresh by Oil and Natural Gas Commission 
and Central Groundwater Board, on the basis of wireline 
loggings results remain untouched till date. It is, 
therefore, suggested to tappe the aquifers occurring 
below 115 to 700m depth for irrigation purposes (as the 
irrigation consumes about 85% of the total groundwater 
resources) thereby, relieving the much strained top 
aquifers in the area. 
(76) 
CHAPTER - VI 
HYDROCHEMISTRY 
The quality of groundwater, as determined by its 
chemical and biological constituents, by the nature of 
strata through which it passes, and its temperature, is 
of great importance in determining the suitability of a 
particular groundwater for a certain use viz. Public 
water supply. Irrigation, Industrial application, 
Cooling, Heating, Power generation etc. 
Water quality criteria specify concentration of 
water constituents which, if not exceeded, are expected 
to result in an aquatic ecosystem suitable for the 
higher uses of water. Thus, it can be inferred that the 
chemical quality of groundwater is an index of its 
complex flow history. 
The present study aims to assess the physico-
chemical parameters in the groundwater samples of 
Sahaswan sub-division of Budaun district. 
(77) 
METHODOLOGY AND MATERIALS USED 
Sampling Techniques 
The water samples were collected (observing 
necessary precautions) from 34 observation wells spread 
over the entire area. These samples were collected in 
June 1991. The month of June was chosen because the 
concentration of chemical elements present in the 
groundwater happen to be at their maximum in the pre-
monsoon period i.e.,June. The samples were taken from 
different groundwater structures like open wells, 
shallow and deep tubewells, as per the normal procedures 
(Handa,1984). For physico-chemical analysis the water 
samples were collected in one litre polythen bottles, 
and for trace element studies the water samples were 
instantly treated with 10ml.6N HNO3. Thereafter the 
samples were immediately capped and sealed with wax, in 
the field itself. 
Analytical Procedure 
All the physico-chemical parameters were 
determined by the standard method (APHA,1975; 
Jackson,1958; Trevedi and Goel,1984) in the Department 
of Geology, A.M.U. Aligarh and J.N.Medical College, 
A.M.U.,Aligarh. 
(78) 
The Chlorides, Carbonates and Bicarbonates were 
analysed by volumetric method and Sulphates by 
Turbidmetric method. Whereas, the concentration of other 
major elements like Na, K, Ca, and Mg were determined by 
Atomic Absorption Spectrophotometre. The trace element 
like Iron, Lead, Manganese, Copper, Zinc, Cadmium, were 
also determined by Atomic Absorption Spectrophotometre. 
RESULTS 
Analytical results of water samples collected from 
observation wells and deep tubewells are given in 
Appendices (VIA & VIB). 
Hydrogen Ion Concentration 
"pH" is a measure of hydrogen ion activity in a 
water sample. It is mathematically related to hydrogen 
ion activity according to the expression: pH=-log-[^ Q [H"*"] , 
where, [H"*"] is the hydrogen ion activity. 
pH is an important factor in the chemical and 
biological systems of natural waters. The degree of 
dissociation of weak acids or bases is affected by 
changes in pH. This effect is important because the 
toxicity of many compounds is affected by the degree of 
dissociation. 
Knowledge of pH in the raw water used for public 
water supplies is important because without adjustment 
(79) 
to a suitable level, such waters may be corrosive and 
adversely affect treatment processes, including 
Coagulation and chlorination. 
The effect of pH on chlorine in water principally 
is on the equilibrium between hypochlorous acid (HOCl) 
and the hypochlorite ion (OCl) according to the 
reaction: 
HOCl = H"'"0C1~ 
The desirable limit of pH for drinking water, as 
given by International Edition of W.H.O., is 7 to 8.5, 
while the maximum permissible level is given as 6.5 to 
9.2. 
As a whole, the groundwater in the study area is 
moderately alkaline in reaction as pH varies from 7.12 
to 8.98. The highest value of pH (9.8) was recorded in 
the water sample of Nizampur, whereas, lowest v-alue of 
pH (7.12) was recorded at Nagla Dallu village. The pH 
values fall within the permissible limit. ' 
Electrical Conductivity (;imhos/cm) 
Electrical conductivity is the measure of the 
mineralisation and is indicative of the salinity of 
groundwater. The Electrical Conductivity with 
400 ^mhos/cm at 25°C is considered suitable for human 
consumption. In the study area Electrical Conductivity 
varies between 240 to 1046 ;amhos/cm. The sample taken 
(80) 
from Nizampur shows a high (750}iinhos/cin) conductance 
value. 
A perusal of the Isoconductance map (Fig.30) 
indicates that about 75% of the area lies in the range 
between 250-750 lamhos/cm. 
MAJOR ELEMENTS 
Carbonates 
The concentration of the carbonate was found in 
the range of 0 to 3 6 ppm. The highest value of carbonate 
was recorded at Machona-ki-Mandiya, Haibatpur, 
Rafinagar, Bisawanpur, Mujaria, Kaulihai, Nadha, 
Budhaiti, Shahpur, villages etc. 
Bicarbonates 
The bicarbonate in the groundwater is an 
indicative of the partial pressure of Carbondioxide in a 
soil, consequently, it shows wide fluctuation. The water 
containing 600 ppm of bicarbonate is considered fairly 
safe and good for domestic and irrigation purposes. 
The bicarbonate concentration in the groundwater 
samples of the study area was found in the range of 112 
to 586 ppm. However, the concentration of bicarbonate is 
well within the limit. 
(81) 
o 
Chloride 
The concentration of chloride in the groundwater 
samples ranges between 14 to 160 ppm. 
The desirable and excessive limit for drinking 
water, as given by Indian Council of Medical Research is 
250 ppm and 1000 ppm respectively. However, W.H.0. 
(1984) has suggested that in no case the concentration 
should exceed 600 ppm. 
The high chloride water, if given to the infants, 
would effect their kidney tissues. This is due to the 
higher osmotic pressure brought about by the presence of 
high concentration of salts. 
However, the concentration of chloride in the 
groundwater of the study area was found within the 
limit. 
Sulphate 
Leaching of sulphate from upper soil layers may be 
significant, causing sulphate to be the principal anion 
of the underlying groundwater. Excess of sulphate in 
association with magnesium or sodium give rise to 
gastrointestinal irritation. Sulphate concentration in 
drinking water should not exceed 250 mg/1 because the 
water will have a bitter taste and can produce luxative 
effects at higher level (W.H.O.,1984). 
(82) 
The concentration of sulphate in the groundwater 
samples of the study area ranges between 37ppm and 
2 2 5ppin. 
Sodium 
Sodium concentration in groundwater is dependent 
on the hydrogeological conditions, industrial activities 
and season of the year. W.H.O.(1984) has recommended 
that the concentration of sodium in drinking water 
should be reduced as it contributes largely to the 
cardiovascular diseases. Sudden infants death may also 
be attributed to the high sodium content of the 
artificial feeds and dried cow milk. 
As per the recommendation of W.H.O (1984) , 200 
mg/litre is the limit of sodium concentration in the 
drinking water. 
The concentration of sodium ranges between 2 8 ppm 
to 14 4 ppm. 
Potassium 
The desirable and the excessive limit of potassium 
is yet to be fixed. However, 1000 ppm to 2000 ppm is 
considered as the excessive limit for potassium in 
drinking water. The potassium concentration in the water 
samples of the study area ranges between 9ppm to Vlppm. 
(83) 
Calcium 
Calcium is one of the principal cations in 
groundwater. Calc-concretion or Kankar forms the 
principal source of calcium in groundwater of the 
Central Ganga basin. 
The daily Calcium requirement of human body 
generally ranges from 0.7 to 2 gram. 
The concentration of calcium in water sample of 
the study area was found to range between 2 4 ppm to 56 
ppm. The desirable limit of calcium in drinking water is 
75 ppm and maximum permissible limit is 200 ppm 
(I.C.M.R. , 1975 ; W.H.O. ,1984) . The groundwater of the 
study area is however, deficient in Calcium. 
Magnesium 
Most groundwater contain relatively small amount 
of Mg, except where they have been in contact with 
dolomite or with Mg-rich evaporites that could cause Mg 
to become the dominant cation in the groundwater. As per 
the I.C.M.R. (1975) the 50 ppm and 100 ppm are 
recommended as the acceptable and permissible limits, 
respectively, for the drinking water. The magnesium 
concentration in the water samples of the study area 
ranges between 15 ppm to 7 6 ppm. 
(84) 
Hardness 
Hardness in the water is caused by the polyvalent 
metallic ions dissolved in water. Hardness is commonly 
reported as an equivalent concentration of calcium 
carbonate. 
In recent years, health aspects are receiving 
increasing interest because of the findings that point 
to greater incidence of coronary heart disease in areas 
with soft water than hard water (Crawford,1972). The 
Causative, however, may be more complex than hardness 
alone and is probably associated with the effects of 
hardness on the activity of metals and other 
constituents of the water, and on their 
interrelationships. 
Depending upon the interaction of other factors, 
such as pH and alkalinity, water with a hardness above 
200 mg/1 may cause scale deposition in the distribution 
system. Depending upon local condition water of hardness 
500 mg/1 is accepted as tolerable. Having taken taste 
and house hold use into consideration W.H.O.(1984) gave 
the hardness limit for water as 500 mg/1. 
Hardness is not a determination of concern in the 
use of water for irrigation. The concentration of 
cations, calcium and magnesium, which comprise hardness, 
(85) 
are important in determining the exchangeable sodium in 
a given water. 
The total hardness as CaC03 in the water samples 
of the study area ranges between 122 and 396 ppm. 
Figure 31 shows the total distribution of hardness in 
the study area. 
Water is classified according to its hardness by 
Hem (197 0). The table given below shows the percentage 
of water samples falling in different classes of 
hardness. 
S.No. 
1. 
2. 
3. 
4. 
Class 
Soft 
Moderately hard 
Hard 
Very Hard 
Range of hardness 
as CaC03(ppm) 
0 - 6 0 
61 - 120 
121 - 180 
> 180 
Percentage 
in the area 
Nil 
Nil 
20.8 
79.2 
Perusal of the above table shows that groundwater 
in the study area is hard to very hard in nature. 
Total dissolve Solids 
Dissolve Solids is the term generally associated 
with fresh water systems and consist of inorganic salts, 
small amount of organic matter and dissolved materials 
(Sawyer,1960). The principal inorganic anions dissolved 
(86) 
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in water include the Carbonates, Chlorides, Sulphates 
and the principal cations are sodium, potassium, calcium 
and magnesium. 
Excessive dissolve solids are objectionable in 
drinking water because of possible physiological 
effects, unpalatable mineral tastes. The physiological 
effects directly related to dissolve solids include 
luxative effects principally from sodium sulphate and 
magnesium sulphate and adverse effect of sodium on 
certain patients afflicted with Cardiac disease and 
women with toxemia associated with pregnancy. 
The water, with TDS less than 600 mg/1 is 
considered good for drinking purposes and water with TDS 
more than 1200 mg/1 is considered unpalatable 
(W.H.O.,1984) . 
The table given below shows the classification of 
water on the basis of TDS (Devis, et al.,1966). 
Type of water Concentration of total dissolve 
solids in ppm. 
Fresh water 0 - 1000 
Brakish water 1000 - 100,000 
Salty water 100,000 - 1000,000 
Brine > 1000,000 
(87) 
The TDS in the groundwater of the study area 
ranges between 118 to 670 ppm, which shows that the 
groundwater falls under the fresh water category. 
GRAPHICAL REPRESENTATION OF CHEMICAL ANALYSIS DATA 
Graphical representation of chemical analysis data 
is the convenient way to represent the major ions, for a 
quick perusal, which may involve comparing the 
similarity and dissimilarities between them. For this 
purpose various methods have been involved. Here, a few 
of them have been used for representing the major 
chemical constituent of groundwater samples of four 
observation wells of the study area. 
Bar Diagreuti 
For preparing this diagram, it is essential that 
all the chemical constituent must be in milliequivalent 
per litre. The values are then represented on the 
vertical bar diagram, having a height proportional to 
the total concentration of anions and cations. The 
representative bar diagram is divided into two halves of 
equal width, with left hand half representing cations 
and right hand half anions. Figure 3 2 shows the bar 
diagram prepared with the chemical data of water samples 
of four different place^of the study area. A perusal of 
the figure reveals that the highest concentration of 
(88) 
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Fig 32- Bar diagram of representative samples 
cations and anions are observed in the water samples of 
Haibatpur village followed by Allahdadpur and Dudhwan 
villages and Sahaswan town. The concentration of 
CO3 + HCO3 is maximum at Haibatpur. As far as the 
concentration of anions is concerned, it is maximum in 
the water sample of Allahdadpur. The concentration of 
Calcium is same at Dudhwan and Sahaswan. 
Trilinear Diagram 
Trilinear diagram is an effective tool in 
segregating analysis data for critical study with 
respect to sources of dissolved constituents in 
groundwater, modification in character of a water as it 
passes through an area and related geochemical problems. 
Further, as water flows through an aquifer it 
assumes a diagnostic chemical composition as a result of 
interaction with the lithologic framework or geologic 
environments. According to Back (1961) the hydrochemical 
facies is used to describe the bodies of groundwater in 
an aquifer that differ in their chemical composition. 
The facies are a function of lithology, solution 
kinetics and pattern of the aquifer (Back, 1966). 
To designate hydrochemical facies of the study 
area the cations and anions percentages have been 
plotted on the modified Hill-Piper Diagram (Romani, 
1981). 
(89) 
The plot of chemical analysis (Fig.33), 
composition of the gi^'mdwater on the aforementioned 
diagram has brought out the following type of 
hydrochemical facies. 
The majority of the samples belong to Bicarbonate 
type of anion facies. Among the cation facies most of 
the groundwater samples fall in three classes : 
(1) Na-type 
(2) Na-Mg type 
(3) Ca-Mg-Na type 
Further, the study shows that the groundwater of 
the study area belongs to an alkali-bicarbonate type. 
TRACE ELEMENTS 
The trace elements are present in the water in 
very low concentration, but plays a major role in the 
human and animal metabolism and healthy growth of 
plants. However, these very elements, their deficiencies 
or higher level may prove injurious or even toxic to 
animal and plant life. 
Although human being and animals take a fraction 
of these constituents through their respective diets and 
also through the medium of drinking water or beverages. 
Trace elements like. Iron, Lead, Manganese, 
Copper, Zinc and Cadmium were determined. The results of 
the analytical data show a higher concentration of toxic 
(90) 
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Fig. 33-Plot of water analysis data on modified 
Hill-Piper diagram. (After Saleem Romani, 1981) 
heavy metals in shallow aquifers than in the deep 
aquifer water which may be possibly due to the excessive 
use of fertilizers, pesticides and sewage disposal etc. 
The results of chemical analysis are given in Appendices 
(VIIA & VIIB) . Some of the trace metals found in the 
groundwater of the area are mentioned as under. 
Iron 
It is an essential nutrient for human beings, 
animals and plants (Fairbanks et al.,1971). Its 
concentration in shallow aquifer ranges between 0.098 
and 1.12 ppm, while in deeper aquifer it varies between 
0 to 0.2 57 ppm. 
Lead 
The concentration of lead ranges between 0.0182 
and 0.348 ppm in shallow aquifer while in deeper 
aquifer water it ranges between 0 to 0.217 ppm. 
Manganese 
The concentration of manganese in the water 
samples of shallow aquifer ranges between 0.016 to 0.621 
ppm and in the deeper aquifer water samples the 
concentration ranges between 0.021 to 0.0.071 ppm. 
(91) 
Copper 
Copper concentration in the shallow aquifer water 
ranges between 0.014 to 0.114 ppm which is below the 
permissible limit. However, in deeper aquifer water it 
ranges between 0.015 to 0.037 ppm. 
Zinc 
The concentration of zinc in the shallow aquifer 
water ranges between 0.017 to 0.3 95 ppm while in deeper 
aquifer water, it ranges between 0,014 to 0.064 ppm. 
Cadmium 
Cadmium has a cumulative and highly toxic effect 
on human beings. Its concentration, in the shallow 
aquifer, ranges between 0.0101 to 0.0312 ppm while in 
deeper aquifer it ranges between 0.0013 to 0.0214 ppm. 
WATER QUALITY CRITERIA IN RELATION TO ITS USES 
The quality of groundwater is a resultant of all 
processes and reactions that have acted on the water 
from the moment it condensed in the atmosphere to the 
time it is discharged from wells or springs (Herman et 
al.,1978). The term water quality embraces the combined 
physical, chemical and biological characteristics and is 
a dominant factor in determining the adequacy of any 
supply to meet the requirements of various water uses. 
(92) 
The interpretation of the chemical analysis is a 
highly subjective matter and it is not possible to have 
a single criterion that can have universal application. 
Therefore, certain chemical quality standards have been 
established for evaluating the suitability of water for 
domestic, agricultural and industrial uses. 
Water Quality for Domestic and Municipal Uses 
The World Health Organisation (1984) and Indian 
Council of Medical Research (1975) have laid down 
certain guidelines for the evaluation of water quality 
for domestic and municipal supplies. The primary aim of 
these guidelines is the protection of public health. 
Accordingly, the concentration of various major 
and trace elements encountered in the water samples of 
the study area were compared with the drinking water 
standards of the World Health Organisation (1984) and 
Indian Council of Medical Research which are given in 
the Table 6. 
The table shows that the concentration of pH, Ca, 
Mg, CI and Total Hardness are well within the 
permissible limits as recommended by W.H.O. (1984), ISI 
(1983). However, the concentration of certain trace 
elements like Fe, Mn, Cd and Pb are found higher than 
their standard limits in drinking water. These trace 
elements are most harmful and insidious pollutants 
(93) 
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because of their biological, non-bio-degradable nature 
and their potential to cause adverse effects in human 
being at certain level of exposure and absorption. 
Many workers have studied the quality of drinking 
water in relation to trace elements (Carun and McCabe, 
1975; Neri et al. , 1975; Olwin, 1977; Schroeder and 
Kraemer, 1974) . Their studies have indicated an 
association between water quality and mortality from 
cardiovascular and other diseases. Berg and BurbanK 
(1972) and Sunderman (1977) made a significant positive 
correlation between mortality from various types of 
cancer and the concentration of trace elements in water 
supplies. The corrosion of distribution system and 
household plumbing also contributes to metal content of 
drinking water. The trace elements like Cd, Pb, Cu and 
Zn often occur in plumbing materials and have been found 
to leach into soft drinking water (Drinking water and 
Health Part-I, 1977). The trace elements encountered in 
the groundwater samples are discussed below. 
IRON 
Iron is an essential element in human nutrition 
but becomes highly toxic when it crosses the permissible 
limit. The iron appreciably affects the taste of 
beverages (Riddick et al.,1958) and can stain laundered 
cloths and plumbing fixtures. 
(94) 
Humans are usually well protected from oral over-
dose but children from 1 to 2 years of age are 
particularly vulnerable to iron toxicity from the 
ingestion of iron supplements that have been 
commercially prepared for adults (Fairbanks, et 
al.,1971). 
W.H.O. (1984) has recommended the guideline value 
for iron as 0.3 mg/1. The iron concentration in the 
water samples of shallow and deep aquifer ranges between 
0.098 to 1.12 ppm and 0 to 0.2 67 ppm respectively. 
Perusal of the appendix VIIA shows that the 
concentration of iron is high in most of the shallow 
aquifer samples which are above the permissible limits 
(W.H.O.,1984 and I.C.M.R.,1975) . However, the 
concentration of iron in the deeper aquifer is well 
within the permissible limit. Thus, higher concentration 
of iron in the shallow aquifer may have an adverse 
effect on the public health. 
Lead 
Lead is a toxic metal that tends to accumulate in 
the tissues of man and other animals. Although seldom 
seen in the adult population, irreversible damage to the 
brain is a frequent result of lead intoxication in 
children. Such lead intoxication most commonly result 
(95) 
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study area while in deeper aquifer samples, manganese 
concentration ranges from 0.021 to 0.071 ppm. The higher 
concentration of manganese, at some places, in the study 
area may cause neurological syndrome, resembling 
manganese encephalopathy (Anon, 1977). 
Copper 
Copper is an essential element in human 
metabolism (W.H.O.,1973) and is considered to be non-
toxic for man at 0.05 mg/1 level, in drinking water. 
However, prolonged oral administration of excessive 
quantities of copper may result in liver damage. 
The copper concentration in the water samples of 
shallow aquifer ranges between 0.014 and 0.114 ppm while 
in the deep aquifer water it ranges between 0.015 and 
0.037 ppm. This shows that the concentration of copper 
is within the permissible limit of I.S.I (1983) and 
W.H.O (1984) . 
Zinc 
Zinc is an essential and beneficial element in 
human metabolism (Vallee,1957). The daily requirement of 
pre school-aged children is 0.3 mg/kg of the body 
weight. The daily adult human intake average 0 to 15 
mg/kg Zinc. The deficiency of Zinc in children leads to 
growth retardation. 
(97) 
The water containing zinc more than 5.0 mg/l has 
an undesirable astringent taste and may be a opalescent, 
developing a greasy film on boiling (W.H.O.,1984). 
The zinc concentration in the water samples of 
shallow aquifer ranges from 0.017 to 0.395 ppm, while in 
deeper aquifer it ranges from 0.014 to 0.064 ppm which 
is within the limit (W.H.O.,1984). 
Cadmium 
Biologically, Cadmium is a non essential, non-
beneficial element recognised to be of high toxic 
potential. It is deposited and accumulated mainly in the 
liver and kidney, thus causing pathological changes of 
the hepatocytes of the liver as well as kidney, tubules 
and glomerular changes (ItoKawa et al.,1974; Colucci et 
al.,1975). 
Many workers (Fleisher, et al.,1974; Friberg et 
al.,1974; Webb, 197 5; W.H.O., 1977) have studied the 
various health aspects of cadmium. 
The cadmium contaminated fluid and food causes 
testicular tumors, renal dysfunction, hypertension, 
arterioselerosis, growth inhibition, genetic defects 
chronic disease of old age, and cancer. Drinking water 
containing excessive cadmium led to the occurrence of 
itai-itai disease among the Japanese (Kobayashi,1970). 
(98) 
The disease is characterized by, rheumatic symptoms with 
intense pain in the bones caused by a loss of bone 
minerals with the bones becoming as flexible as soft 
tissues. 
The recommended permissible limit of cadmium in 
drinking water by W.H.O.(1984) and I.S.I. (1983) is 0.01 
ppm. The cadmium concentration found in the water 
samples of the shallow aquifer ranges between 0.0101 and 
0.0312 ppm while in deeper aquifer it ranges between 
0.0013 and 0.0214 ppm. The higher concentration of 
cadmium in the study area may prove toxic to the 
inhabitants. 
Water Quality Criteria for Irrigation 
Quality standards for irrigation water are based 
on 
1. the total salt concentration of the water as it 
affects the crop yield through osomotic effects. 
2. the concentration of specific ions that may be toxic 
to plants or that have an unfavourable effect on crop 
quality, and 
3. the concentration of cations that can cause 
deflocculation of the clay in the soil and resulting 
damage to soil structure and declines in infiltration 
rate. 
(99) 
The quality requirements of irrigation water vary 
between crops, types and drainability of soils, and 
climate (Walton,1970). 
Quality criteria and classification schemes for 
irrigation water were developed several decades ago by 
Asgar et al., (1936); Kellay et al.,(1940); Eaton 
(1950); Wilcox (1955); Ramamorthy (1964); FWPCA (1968); 
EPA (1973); Ayers and Branson (1975) and Ayers and 
westcot(1976). 
The specification or classification, in most of 
the cases is based on the assumption that the water will 
be used under average conditions with respect to soil 
characteristics, efficiency of sub-surface drainage, 
amount of water used and method for applying it, type of 
crops and climatic characters of the area. 
To study the suitability of groundwater in the 
study area for agricultural uses the electrical 
conductivity, relative proportion of sodium to other 
cations, residual sodium carbonate and concentration of 
certain specific elements were analysed, and the data 
obtained from the chemical analysis were processed. 
Subsequently, data were interpreted on the basis of the 
established guidelines proposed by various workers of 
the discipline. 
(100) 
Salinity and Sodium Hazard 
It is an established fact, that crop production or 
germination of seed is inversely proportional to the 
salts that exist in agricultural soil. In addition to 
the salts that are already present in the soil, 
irrigation water contributes a large amount of soluble 
salt to the soil. This quality of irrigation water 
enhances its significance in agricultural practices. 
Based on Sodium Adsorption Ratio (SAR) and 
conductance, a graphic classification was opined by 
Richard (1954) to help interpreting the suitability of 
water quality for irrigation purposes, SAR and 
conductance values are taken into consideration because 
they behave as an index of Salinity hazards which has an 
adverse effect on the suitability of agriculture land. 
The Sodium Adsorption Ratio (SAR) is defined as 
Na"*" 
SAR 
/ (Ca+Mg)/2 
Where, the concentration of these ca t ions i s expressed 
in epm. 
The q u a l i t y c l a s s i f i c a t i o n of i r r i g a t i o n water 
was, given by Richard e t a l . , (1954) i s given in 
t a b l e ( 7 ) . 
(101) 
Table 7 : Classification of irrigation water. 
Water Ec in iiinhos/cin 
at '25°C 
Alkali 
SAR 
R.S.C.in 
epm 
Excellent 
Good 
Fair 
Poor 
250 -
750 -
2250 
250 
- 750 
- 2250 
upt 
10 
18 
26 
:o 10 
- 18 
- 26 
«1.25 
<1.25 
1.25 - 2.5 
>2.50 
The SAR and conductance (Appendix VIB) values have 
been plotted on the proposed diagram (Fig.34). The 
perusal of the diagram reveals that the water samples 
are mainly confined to C2-S-j^  class. Only three samples 
of the following location namely Rafinagar, Manakpur and 
Dhudhwan falls in C^ -^S-j^  class while the water samples of 
Bilsi, Nizampur, Nadha, Shahpur villages and Sahaswan 
town fall in C^ -S-j^  class, which shows that the quality 
of the groundwater is free from any salinity hazard. 
The Residual Sodium Carbonate (RSC) has been 
calculated to determine the hazardous effect of 
carbonate and bicarbonate on the quality of water for 
agricultural purposes (Eaton,1950). The RSC is 
calculated by the formula which is as follows : 
R.S.C. = (CO3 + HCO3 ) + (Ca"*""*" + Mg"^ "^ ) 
where, the concentration of cations and anions is 
expressed in epm. 
(102) 
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The values of R.S.C. have been given in the 
Appendix VIB. The calculated R.S.C. values have been 
compared with the classification given in table 7. The 
comparison of the two reveals that most of the values 
are within the limit of suitability, whereas, few values 
of R.S.C. are above the suitability limit. In general, 
it can be said that the groundwater of the study area is 
suitable for the irrigation purposes. 
Another graphic classification was given by Wilcox 
(1955) on the basis of Electrical Conductance, Soluble 
Sodium percent and boron concentration. The Wilcox 
classified irrigation water as under. 
Table 8 : Quality classification of water for irrigation 
Wilcox (1955). 
Water 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
Na% 
< 20 
20 - 40 
40 - 60 
60 - 80 
> 80 
Ec ^ mhos at 2 5°C 
< 250 
250 - 750 
750 - 2000 
2000 - 3000 
> 3000 
Sodium percent has been calculated by the given 
formula 
(Na + K) X 100 
Na% = 
Ca + Mg + Na + K 
(103) 
where, all concentration are expressed in epm. With the 
help of above given formula Sodium percent has been 
calculated and tabulated in Appendix VIB. Subsequently, 
the sodium percent has been plotted against conductance 
on the Wilcox diagram (Fig.35). 
A perusal of the diagram reveals that water 
samples of Gudhni village falls in permissible to 
doubtful class. A large number of water samples fall in 
excellent to good class except few samples which falls 
in good to permissible class. 
This shows that the quality of groundwater of 
the study area is suitable for irrigation. 
However, besides major ions, the role of trace 
elements in the proper growth of the plant can not be 
looked down as they have been found profoundly 
beneficial to crops for growth of plants at different 
stages. Federal Water Pollution Control Federation, 
U.S.A.(1968) and Ayers and Branson (1975) put forward 
the tolerance limit for irrigation water and suggested 
proper interpretation of analytical data; micronutrients 
like Cu, Zn, Fe were determined in water samples. The 
results obtained were compared with the standard limit 
(FWPCF, 1968; Ayers and Branson,1975). 
(104) 
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Table 9 : Trace elements tolerance limit of irrigation 
water as proposed by FWPCF(1968) and Ayers and 
Branson (1975) 
Elements 
Copper 
Iron 
Manganese 
Cadmium 
Lead 
Zinc 
Water use 
FWPCF (1968) 
Continuous 
0.20 
-
2.0 
0.005 
5.0 
5.0 
Short term 
in fine 
Textured 
Soils 
5.0 
-
5.0 
0.05 
10.0 
10.0 
Water use Ayers 
and Branson (1975) 
Continuous 
0.20 
5.0 
0.2 
0.01 
5.0 
2.0 
Short term 
in fine 
Textured 
Soils 
5.0 
15.0 
10.0 
0.05 
10.0 
10.0 
The concentration of the trace elements determined 
in the groundwater samples are found well within the 
permissible limits. Therefore, from the afore-mentioned 
discussion it can be inferred that by all standard, the 
groundwater quality of Sahaswan sub-division is suitable 
for irrigation purposes. 
(105) 
SUMMARY AND CONCLUSION 
India has basically an agrarian economy where 
water and land are its most valuable natural resources. 
For evolving policies for the best use of water 
resources, a refined assessment of the groundwater 
resources become indispensable. Hence, an attempt has 
been made to make a comprehensive study of the aquifer 
system and evaluate the groundwater resources of the 
Ganga-Sot Sub-basin in Sahaswan sub-division for the 
integrated regional development and the role 
hydrogeology can play in solving the problems of our 
people in their ever increasing domestic, industrial and 
agricultural growth needs. 
The area of investigation that is Sahaswan sub-
division of Budaun district, spreading over 1073 sq.km. 
area, is divisible into three distinct physiographic 
units, that is Sot plain, Central upland and the Ganga-
Mahawa low lands. The area is drained by the Ganga, 
Mahawa and Sot rivers which flow in north west to 
southeast directions in consonance with the general 
slope of the area. 
(106) 
The area of investigation lies in the sub-tropical 
climatic zones of India. The average annual rainfall in 
the study area is 817 mm. The Southwest monsoon (middle 
of June to September) provides 80% of the annual 
rainfall. The standard deviation is 262.5 mm and the 
coefficient of variation is 34.10%. There is a tendency 
of occurring mild drought once in every 8 years, normal 
drought once in 5 years and severe drought once in 14 
years in the study area. 
Systematic hydrogeological investigation of the 
area was carried out during the years 1991 and 1992 and 
the same has been found worthy of groundwater 
development. 
The Ganga basin has a rugged topography comprising 
alternate ridges and depressions. The depth to bed rock 
ranges 620 and 967 metres below the ground surface at 
Kasganj and Ujhani towns respectively. 
The depth to the basement was encountered at 
Ujhani about 10 kms. southeast of the area at 2061 m 
which consist of Bundelkhand Granitic complex which is 
Archean in age. Further, the depth to the bed rock 
gradually increases due north to more than 4000 m close 
to the Himalayan foot hills. Similarly, the thickness of 
alluvium comprising alternate sequence of clay and sand 
(107) 
increases from 3 60in on the southern bank to 7 05ni on 
northern bank of the river Ganga due to faulting. 
Application of remote sensing techniques have 
helped deleneating various land form features, such as 
abandoned channels, meander scars and channel bars, etc. 
Further, the study shows that the Ganga river has 
continuously been changing its course over the years due 
to sub-surface structural changes in the basement 
complex and has been migrating since past four hundred 
years from east to west direction. The river Sot, and 
Mahawa are its left over channels which latter on were 
converted into small streams as they are now. The river 
Ganga was flowing close to Sambhal and Budaun towns when 
Babar, the first Mughal emperor invaded Sambhal and 
Budaun in the year 1525 A.D. Now the Ganga is flowing 
about 4 0kms west of these towns over the span of 4 68 
years. 
The migrating nature and the hydrodynamics of the 
river Ganga over the years has generated in all three 
types of sand bodies or aquifers, that is the channel 
deposits, very thick, areally extensive with huge 
groundwater potential; flood plain deposit, sand bodies 
lenticular in shape and moderately extensive and 
moderately potential and back swamp deposits; a lensoid 
(108) 
bodies of sand intercalated within the thick clay beds; 
poorly potential, and often has the quality problem due 
to lack of recharge. 
The penal diagram and various cross-sections 
reveal the lateral and vertical disposition of the 
various aquifers in the area. In all, there are two to 
three tier aquifer systems down to the depth of 
115m.b.g.1. 
In the area of investigation, the top aquifer is 
followed down in depth by the deep aquifer which occur 
in the depth range of 21 to 50m. and 50 to 115m.b.g.l., 
respectively. 
The tubewell tapping the top aquifers yield 40 to 
60m-^/hr. However, the yield of the deep aquifer ranges 
between 114 to 19 3 m-^/hr. with drawdown varying from 2 
to 7 m. 
The piezometric heads of the deeper aquifer ranges 
between 2.74 to 10.63m.b.g.1. The groundwater occurs 
under water table condition in shallow aquifers and 
semi-confined to condition in the deeper aquifers. 
Perusal of the pre-monsoon (June 1991,1992) depth 
to water level maps shows that the water table in the 
(109) 
upland tract ranges between 6 to Sm.b.g.l. whereas in 
the low lying areas lying between the upland and the 
Ganga river, it ranges 2 to 4in.b.g.l. Further, in the 
area lying between the eastern margin of the upland and 
the Sot river it ranges between 4 to 6m.b.g.l. 
The changes observed in the depth to water level 
maps of 1991 and 1992 are due to the variation in the 
rainfall during 1991 and 1992. 
Perusal of the water level fluctuation maps (1991 
and 1992) reveals that the annual fluctuation varies 
from -0,6 to >1.0m. In large part of the area, the 
fluctuation pattern ranges from 0.4 to 0.6m, closely 
followed by 0.2 to 0.4m. The variations in the 
fluctuation are due to lithologic control. However, the 
fluctuation is higher in upland than in the low lying 
areas. 
Perusal of water table contour maps (pre-monsoon) 
shows that the elevation of water table ranges between 
176 metres in northwest to 162 metres in southeast 
direction, above the mean sea level. The slope of water 
table is due southeast, which is in conformity with the 
topography of the area and regional groundwater flow 
direction in the Central Ganga basin. In the western and 
southern parts, the flow direction is towards south, 
(110) 
whereas in the northwestern and southeastern parts it is 
in the southwest to south directions. However, in the 
sot plain, the groundwater flows due east. 
A trough has formed at Sahaswan town due to the 
heavy withdrawal of groundwater. Very close to this 
trough passes the river Mahawa which is effluent 
throughout its stretch suddenly behaves as an influent 
stream due to reversal in the hydraulic gradient. This 
reversal is the resultant effect of the excessive 
withdrawal of the groundwater in the area. 
Hydraulic gradient ranges between 0.08 m/Km. to 
6.5 m/Km. Hydraulic gradient is steeper in the area, 
sub-parallel to the Mahawa river, indicating that the 
sediments are finer and have low permeability horizons. 
The post-monsoon water table contour maps show 
similar behaviour except that contours are found to be 
displaced by the higher values contours. Piezometric 
surface contours by and large also exhibit the pattern 
similar to that of the water table contours. The 
similarity of water table and piezometric level 
contour patterns indicates that the shallow and deep 
aquifers are interconnected in nature and have common 
source of recharge. 
(ill) 
A perusal of hydrographs of permanent network 
observation wells indicates that the water level 
variation is cyclic and sinusoidal as a function of time 
and space. 
The transmissivity, hydraulic conductivity and 
specific capacity index values range between 
640.08in^/day to 1697in^/day, 19.98m/day to 61.49in/day and 
15.37 to 49.48m/day respectively. However, the specific 
capacity of the State tubewells range from 425.14 to 
1391.07 m /day. The only pumping test data analysis 
carried out in the adjacent area by the State 
Groundwater Department, furnishes transmissivity and 
storativity values as 973m^/day and 0.16 respectively. 
The net groundwater recharge in Sahaswan sub-
division is estimated as 207.49 Million Cubic Metre 
(MCM).The annual draft through the various groundwater 
abstraction structures is 143.16 MCM. The balance of 
64.3 3 MCM is available for future groundwater 
development in the area. 
The availability vis-a-vis draft position of the 
groundwater resources shows 69.01% stage of groundwater 
development in the area. It is, therefore, suggested 
that in the area which falls under grey or semi-critical 
(112) 
category further development of groundwater resources of 
the top aquifers be either restricted forthwith or 
attempted with extreme cautions. Further, barrages be 
constructed on Sot and Mahawa rivers in order to 
irrigate the adjacent plains through canal networks to 
arrest the declining trend of the water table. 
Moreover, it is also suggested that the flood 
flows of Sot and Mahawa rivers be diverted into 
underground reservoirs or stored in the surface 
depressions to recharge the starving top aquifers. 
Moreover, the aquifers only down to 115m depth 
have been tapped so far, by the State tubewells while 
the deep potential aquifers down to 700 m.b.g.l. which 
are reported to be fresh by Oil and Natural Gas 
Commission on the basis of wire line loggings results, 
remain untouched till date. It is, therefore, suggested 
to tappe the aquifers occurring below 115 to VOOm.b.g.l. 
depth, for irrigation purposes (as the irrigation 
consumes about 85% of the total groundwater resource), 
thereby, relieving the much strained top aquifers in the 
area. This work can be under taken by the government 
alone which has man, machinery and expertise to do the 
job. 
(113) 
The results of the chemical analysis of 
groundwater from shallow and deep aquifers show that the 
quality of groundwater in the area is potable, hard, 
alkine in reaction, moderately mineralised and alkali-
bicarbonate type. 
Trace element studies show that the concentration 
of heavy toxic metals (Iron, Manganese, Cadmium, lead) 
in the shallow aquifer water is above their permissible 
limits. However, except the lone case where Cadmium 
level was found above the limit, the concentration of 
these trace elements in deep aquifer water was found 
within the permissible limits. 
Hence, the groundwater from the deeper aquifers be 
supplied for the drinking purpose, duly treated with 
chlorine at the pumping site itself. 
(114) 
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APPENDICES 
Appendix I 
RAINFALL DATA ANALYSIS OF SAHASWAN RAINGAUGE STATION 
The Mean of 71 years of Rainfall = 769.72mm 
The Standard Deviation --•= 2G2.'.>0ium 
The Coefficient of Variation = 34.10% 
Year 
1912 
1913 
1914 
1915 
1916 
19 17 
1918 
1919 
1920 
192 1 
1922 
1923 
1924 
19 2 5 
19 2 6 
1927 
19 2 8 
Annual Rainfall in mm 
566.92 
556.26 
820.42 
N.A. 
1447 .80 
1117.GO 
294.13 
1005.07 
695.19 
1058.60 
1305.56 
615.95 
1143.76 
905.51 
823 . 46 
931.16 
4 2 0.11 
Contd, 
Year 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
Annual Rainfall 
524.76 
948.18 
526.26 
480.57 
1232.40 
616.20 
456.44 
N.A. 
451.86 
553.72 
766.83 
827.27 
619.76 
1036.32 
869.69 
560.57 
822.96 
1039.62 
501.65 
1060.19 
674.62 
965.45 
in mm 
Contd, 
Year 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
Annual Rainfall 
738.88 
618.99 
878.58 
650.24 
835.66 
978.91 
N.A. 
966.97 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
N.A. 
848.60 
295.8 
1110.50 
356.90 
821.70 
725.30 
1063.80 
499.10 
in mm 
Contd. 
Year 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
Annual Rainfall 
1181.10 
N.A. 
N.A. 
214.90 
N.A. 
N.A. 
N.A. 
980.00 
945.70 
900.70 
1091.50 
531.40 
766.60 
568.80 
304.80 
970.00 
556.80 
801.40 
510.60 
650.00 
in mm 
STATISTICAL ANALYSIS OF RAINFALL DATA 
Interval 
200 - 300 
300 - 400 
400 - 500 
500 - 600 
600 - 700 
700 - 800 
800 - 900 
900 - 1000 
1000 - 1100 
1100 - 1200 
1200 - 1300 
1300 - 1400 
1400 - 1500 
Frequency 
3 
2 
5 
10 
13 
4 
10 
10 
7 
4 
1 
1 
1 
U 
-6 
-5 
-4 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
U2 
36 
25 
16 
9 
4 
1 
0 
1 
4 
9 
16 
25 
36 
Uf 
-18 
-10 
-20 
-30 
-26 
-4 
0 
10 
14 
12 
4 
5 
6 
U^f 
108 
50 
80 
90 
52 
4 
0 
10 
28 
36 
16 
25 
36 
TOTAL 71 -57 535 
Mean Rainfall(X) 
Standard Deviation(S.D.)^ 
Coefficient of Variation= 
XQ + C ( U f / f ) 
850 + 1 0 0 ( - 5 7 / 7 1 ) 
850 - 8 0 . 2 8 
769.72miii 
( U ^ f / f ) - ( U f / f ) 2 
100 [ \ / ( 5 3 5 / 7 1 ) - ( - 5 7 / 7 1 ) ' ' ] 
100 y 7, 54 - 0 . 6 4 
= 100 \/ i 6 . 8 9 
100 ( 2 . 6 2 5 ) 
262.50mm 
( S . D . / M e a n ) x l O O 
( 2 6 2 . 5 / 7 6 9 . 7 2 ) x l 0 0 
3 4 . 1 0 % 
Appendix II 
Lithological Logs of boreholes drilled by the 
state tubetfell department in Sahaswan Sub-division 
S.NO. 
Tube 
Lithology 
well No. : 11 
Location : Rudaina Ganaosi 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Tube 
Locat 
Clay 
Fine Sand 
Clay 
Medium Sand & Kankar 
Medium Sand & Bajri 
Fine Sand Yellow 
Clay & Kankar 
Fine Sand & Sandstone 
Clay 
Fine Sand 
Med.Sand & Sandstone 
Hard Kankar with Clay 
Fine to Medium Sand 
Med.Sand & Sandstone 
Clay 
Well No. : 12 
:ion : Beuner 
Depth 
7.92 -
8.33 -
15.64 -
23.87 • 
38.20 -
42.16 -
46.73 -
55.87 -
58.91 -
78.11 • 
82.07 -
84.81 -
93.65 -
- 7. 
- 8-
- 15, 
- 23, 
- 38, 
- 42, 
- 46, 
- 55, 
- 58, 
- 71, 
- 78, 
• 82, 
- 84. 
- 93. 
,92 
,33 
.64 
.87 
.20 
.16 
.73 
.87 
.91 
,10 
,11 
07 
,81 
,65 
Thickness 
7.92 
0.41 
7.31 
8,23 
14.33 
3.96 
4.57 
9.14 
3.04 
12.19 
7.01 
3.96 
2.74 
8.84 
1. Hard clay -3.04 3.04 
2. Fine Sand 3.04 - 8.52 5.48 
3. Hard clay 8.52 - 13.07 5.18 
4. Coarse Sand & Stone 13.07-18.88 5.18 
S.No. Lithology Depth Thickness 
10.06 
3.04 
7.62 
3.04 
10.36 
3.35 
3.96 
3.03 
0.60 
3.04 
2.13 
Tube well No : 14 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Coarse Sand 
Fine Sand 
Medium Sand 
& Kankar 
Brown medium Sand 
Hard Clay & 
Fine Sand & 
Medium 
Coarse 
Coarse 
Coarse 
Clay 
Sand 
Sand 
Sand 
Sand 
Kankar 
Kankar 
& Kankar 
& Kankar 
18. 
28. 
31. 
39. 
42, 
53, 
56, 
60. 
63, 
64, 
67, 
,88 -
.94 -
.98 -
,06 -
,62 -
,00 -
.35 -
.31 -
.66 -
.26 -
.03 -
- 28. 
- 31. 
- 39, 
- 42, 
- 53, 
- 56, 
- 60, 
- 63, 
- 64, 
- 67, 
- 69, 
.14 
,98 
.06 
.64 
.00 
.35 
.31 
.66 
.26 
.03 
.43 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
ion : Gudhni 
Clay 
Sand 
Medium 
Clay 
Coarse 
Coarse 
Clay 
Coarse 
Clay 
Sand 
3.04 -
6.08 -
12.17 -
Sand & Kankar 15.21 -
Sand 
Sand 
Fine Sand 
Clay 
Coarse 
Clay 
Sand 
18.25 -
25.26 -
28.30 -
35.61 -
42.62 -
54.81 -
57.85 -
69.74 -
- 3.04 
- 6.08 
- 12.17 
- 15.21 
- 18.25 
- 25.26 
- 28.30 
- 35.61 
- 42 62 
- 54.81 
- 57.85 
- 69.74 
- 71.56 
3.04 
3.04 
6.09 
3.04 
3.04 
7.01 
3.04 
7.31 
7.01 
12.19 
3.04 
11.89 
1.82 
S.No. 
Tube 
L O G at 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Tube 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
Lithology 
well No : 16 
:ion : Bans Baraulia 
Hard Clay 
Sand & Kankar 
Medium Sand 
Coarse Sand & Stone 
Coarse Sand 
Very Fine Sand 
Coarse Sand 
Medium Sand 
Clay 
Fine Brown Sand 
Fine Sand 
Fine Sand Brown 
Clay 
Medium Sand 
Coarse Sand 
well No : 20 
:ion : Bilsi 
Clay 
Fine Sand 
Fine to Med.Sand 
and Kankar 
Medium Sand & Kankar 
Hard Clay & Kankar 
Kankar 
Depth 
3.04 -
6.08 -
9.12 -
21.31 -
36.24 -
43.86 -
46.90 -
52.38 -
56.64 -
59.68 -
62.72 -
63.93 -
65.75 -
68.79 -
10.36 -
3.04 -
18,27 -
25.89 -
26.08 -
- 3.04 
- 6.08 
- 9.12 
- 21.31 
- 36.24 
- 43.86 
- 46.90 
- 52.38 
- 56.64 
- 59.68 
- 62.72 
- 63.93 
- 65.75 
- 68.79 
- 73.05 
4.87 
- 15.23 
- 18.27 
- 25.89 
- 26.08 
- 28.01 
Thickness 
3.04 
3.04 
3.04 
12.19 
14.93 
7.62 
3.04 
5.48 
4.26 
3.04 
3.04 
1.21 
1.82 
3.04 
4.26 
4.87 
10.36 
3.04 
7.62 
0.91 
1.21 
S.No. Lithology Depth Thickness 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
Clay 
Fine Sand 
Med.Sand & Kankar 
Hard 
Clay 
Clay 
Sand 
Fine 
Clay 
Fine 
Clay 
& Kankar 
Clay & Kankar 
Sand & Kankar 
& Kankar 
Sand 
Medium Sand & Kankar 
Clay 
Fine Sand 
Medium Sand & Kankar 
Clay 
Fine 
Clay 
Fine 
Sand 
Sand 
& Kankar 
to Medium Sand 
Stone 
Medium Sand & Kankar 
28.01 
38.98 
45.68 
54.21 
56.34 
64.57 
67,00 
68.21 
68.81 
70.02 
71.84 
77.02 
81.59 
84.02 
91.33 
94.98 
96.19 
97.01 
98.62 
99.22 
- 38.98 
- 45.68 
- 54.21 
- 56.34 
- 64.57 
- 67.00 
- 68.21 
- 68.81 
- 70.02 
- 71.84 
- 77.02 
- 81.59 
- 84.02 
- 91.33 
- 94.98 
- 96.19 
- 97.01 
- 98.62 
- 99.22 
-112.63 
1.97 
6.70 
8.53 
2.13 
8.23 
2.43 
1.21 
0.60 
1.21 
1.82 
5.18 
4.57 
2.43 
7.31 
3.65 
1.21 
0.91 
1.52 
0.60 
13.41 
Tube well No ; 22 
Location j. Ambapur 
1. Surface Clay 
2. Fine Sand 
3. Fine to Med.Sand with 
Hard Stone 
— 
3.04 -
6.08 -
3.01 
6.08 
9.12 
3.04 
3.04 
3.04 
S.No. Lithology Depth Thickness 
4. 
5. 
Clay & Kankar 
Fine to Med.Sand with 
Stone 
9.12 -
12.16 -
- 12.16 
- 15.20 
3.04 
3.04 
6. Fine to Med.Sand with 15.20-18.24 3.04 
Clay Kankar 
7. Good medium sand 
8. Clay & Kankar 
9. Fine to medium Sand 
10. Clay & Kankar 
11. Fine Sand & Sandstone 
12. Hard Clay 
13. Medium Sand & Kankar 
14. Medium Sand & Stone 
15. Fine to medium Sand 
16. Hard Clay & Kankar 
17. Sandy Clay 
18. Medium Sand 
19. Medium Sand & Hardstone 89.02 
20. Fine to medium Sand 
with Hardstone 
21. Fine to medium Sand 
18.24 
21.33 
28.95 
32.67 
37.24 
40.28 
54.00 
70.76 
78.38 
79.90 
82.94 
85.98 
101.20 
105.77 
- 21.33 
- 28.95 
- 32.67 
- 37.24 
- 40.28 
- 54.00 
- 70.76 
- 78.38 
- 79.90 
- 82.94 
- 85.98 
- 89.02 
- 92.06 
-105.77 
-108.81 
3.09 
7.62 
13.72 
4.57 
3.04 
13.72 
16.76 
7.62 
1.52 
3.04 
3.04 
3.04 
3.04 
4.57 
3.04 
Location : Khasl 
1. Surface Clay 
2. Gray fine to Med.Sand 
3. Clay 
3.04 -
24.38 -
- 3.04 
- 24.38 
- 30.47 
3.04 
21.34 
6.09 
S.No. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Tube 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Lithology 
Fine to medium Sand 
with stone 
Clay & Kankar 
Fine to medium Sand 
with stone 
Caving Clay & Kankar 
Medium Sand with 
Sandstone 
Medium Sand 
Yellow medium Sand 
Fine to medium Sand 
with Hardstone 
Hard Clay & Kankar 
Fine to medium Sand 
with stone 
Hard Clay 
well No : 29 
ion : Jarseni 
Clay 
Medium sand 
Clay 
Coarse Sand 
Medium Sand 
Coarse Sand 
Medium Sand & Stone 
Medium Sand 
Fine Brown Sand & 
Kankar 
Depth 
30.47 
40.53 
45.10 
51.19 
62.77 
73.13 
79.22 
88.36 
92.93 
102.99 
111.22 
3.05 
6.10 
10.37 
13.42 
16.47 
25.61 
28.66 
36.89 
- 40.53 
- 45.10 
- 51.19 
- 62.77 
- 73.13 
- 79.22 
- 88.36 
- 92.93 
-102.99 
-111.22 
-115.79 
- 3.05 
- 6.10 
- 10.37 
- 13.42 
- 16.47 
- 25.61 
- 28.66 
- 36.89 
- 40.17 
Thickness 
10.06 
4.57 
6.09 
11.58 
10.36 
6.09 
9.14 
4.57 
10.06 
8.23 
4.57 
3.05 
3.05 
4.27 
3.05 
3.05 
9.14 
3.05 
8.23 
3.28 
S.No. Lithology Depth Thickness 
10. Medium Sand 
11. Clay 
12. Clay & Kankar 
40.17 - 44.13 
44.13 - 55.10 
55.10 - 59.37 
3.96 
10.97 
4.27 
Tube well No : 35 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
ion : 
Clay 
Clay 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Clay 
Clay 
Uqhaiti 
& Rori 
fine & Pebbles 
medium & Stone 
fine to medium 
good medium 
medium & stone 
fine to medium 
hard & Kankar 
hard 
Lahal 
Sand 
Sand 
Sand 
Sand 
Clay 
Sand 
Sand 
Sand 
fine 
fine to medium 
fine 
fine to medium 
hard 
fine to medium 
medium 
medium & Sandstone 
3.04 
8.40 
8.70 
12.23 
18.32 
38.23 
39.75 
46.15 
56.51 
61.08 
65.65 
68.69 
72.43 
74.26 
77.22 
79.35 
81.17 
85.43 
- 3.04 
- 8.14 
- 8.70 
- 12.23 
- 18.23 
- 38.23 
- 39.75 
- 46.15 
- 56.51 
- 61.08 
- 65.65 
- 68.69 
- 72.43 
- 74.26 
- 77.22 
- 79.35 
- 81.17 
- 85.43 
- 88.47 
3.04 
5.36 
0.30 
3.53 
6.09 
19.18 
1.52 
6.40 
10.36 
4.57 
4.57 
3.04 
2.74 
1.83 
3.96 
2.13 
1.82 
4.26 
3.04 
S.No. Lithology Depth Thickness 
20. Medium Sand, Sandstone 88.47-92.51 3.04 
and Kankar 
21. Medium Sand & Kankar 92.51-94.03 1.52 
Tube 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
well No J. M 
:ion : Basant Naaar 
Clay 
Brown Sand 
Medium 
Coarse 
Coarse 
Medium 
Coarse 
Coarse 
Sand 
Sand 
Sand & Kankar 
Sand 
Sand & Kankar 
Sand 
Very fine Brown Sand 
Medium Brown Sand 
Fine Sand 
Coarse 
Coarse 
Medium 
Clay & 
Clay & 
Sand 
Sand & Kankar 
Sand 
Sand 
Stone 
2.74 -
7.61 -
9.13 -
18.27 -
30.16 -
32.29 • 
36.25 -
39.60 -
41.43 -
44.47 -
50.56 -
53.00 -
54.22 -
55.44 -
62.45 -
- 2.74 
- 7.61 
- 9.13 
- 18.27 
- 30.16 
- 32.29 
- 36.25 
- 39.60 
- 41.43 
- 44.47 
- 50.56 
- 53.00 
- 54.22 
- 55.44 
- 62.45 
- 71.50 
2.74 
4.87 
1.52 
9.14 
11.89 
2.13 
3,96 
3.35 
1.83 
3.04 
6.09 
2.44 
1.22 
1.22 
7.01 
9.14 
Tube well No ; 39 
Location ±_ Khandwa 
1. Clay - 1.52 1.52 
2. Sand 1.52 - 9.14 7.62 
S.No. Lithology Depth Thickness 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
Clay 
Coarse 
Coarse 
Kankar 
Coarse 
Coarse 
Coarse 
Kankar 
Clay & 
Coarse 
Clay 
Coarse 
Clay & 
Coarse 
Sand & Kankar 
Sand 
& Coarse Sand 
Sand 
Sand Kankar 
Sand Bajri & 
ROR 
Sand 
Sand Kankar 
ROR 
Sand 
Fine Sand 
9.14 
13.71 
18.28 
21.32 
28.94 
30.46 
32.89 
35.02 
37.76 
41.11 
43.85 
46.89 
52.13 
55.79 
- 13.71 
- 18.28 
- 21.32 
- 28.94 
- 30.46 
- 32.89 
- 35.02 
- 37.76 
- 41.11 
- 43.85 
- 46.89 
- 52.13 
- 55.79 
- 58.53 
4.57 
4.57 
3.04 
7.62 
1.52 
2.43 
2.13 
2.74 
3.35 
2.74 
3.04 
15.24 
3.66 
2.74 
Tube well No 41 
Location : Kubri 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Surface Clay 
Gray Fine 
Gray fine 
Gray med: 
Gray fine 
& Kankar 
Gray fine 
Gray fine 
Gray fine 
Sand 
to Med.sand 
Sand 
to med Sand 
Sand 
to med:Sand 
Sand 
1.22 
6.10 
9.14 
15.23 
18.27 
21.31 
24.35 
- 1.22 
- 6.10 
- 9.14 
- 15.23 
- 18.27 
- 21.31 
- 24.35 
- 27.39 
1.22 
4.88 
3.04 
6.09 
3.04 
3.04 
3.04 
3.04 
S.No. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
Tube 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
Lithology 
Gray fine to ined:Sand 
Clay 
Light gray mediSand 
Loose clay 
Clay 
Gray fine Sand 
Gray fine to medzSand 
Sandstone 
Medium Sand & Sandstone 
Clay with Hardstone 
Clay 
Yellow fine to medrSand 
Gray med: To coarse 
Sand with Sandstone 
Gray med: Sand 
Gray Med: Sand with 
Sandstone 
Hard Stone 
well No : 44 
ion : Reorai 
Clay & Kankar 
Fine Sand 
Medium Sand 
Coarse Sand 
Coarse Sand & Kankar 
Coarse Sand & Bajri 
Depth 
27.39 
31.35 
33.48 
49.33 
51.77 
57.86 
60.90 
70.04 
73.08 
76.12 
78.56 
86.18 
87.70 
90.74 
93.78 
102.62 
4.88 
11.58 
15.24 
18.28 
24.37 
- 31. 
- 33. 
- 49. 
- 51. 
- 57. 
- 60. 
- 70. 
- 73. 
- 76. 
- 78, 
- 86, 
- 87, 
- 90. 
- 93, 
-102, 
-102, 
- 4, 
- 11, 
- 15, 
- 18, 
- 24, 
- 27. 
.35 
,48 
,33 
.77 
,86 
,90 
.04 
,08 
,12 
,56 
.18 
.70 
.74 
.78 
.62 
.92 
.88 
.58 
.24 
.28 
.37 
,41 
Thickness 
3.96 
2 . 13 
15.85 
2.44 
6.09 
3.04 
9.14 
3.04 
3.04 
2.44 
7.62 
1.52 
3.04 
3.04 
8.84 
0.30 
4.88 
6.70 
3.66 
3.04 
6.09 
3.04 
S.No. Lithology Depth Thickness 
7. Coarse Sand & Kankar 
8. Clay and Sand 
9. Brown fine Sand 
10. Clay 
11. Brown fine Sand 
12. Clay 
13. Medium Sand 
14. Coarse Sand & Kankar 
15. Hard Clay 
27.41 
38.08 
39.60 
45.69 
47.21 
50.56 
65.50 
70.68 
73.12 
- 38.08 
- 39.60 
- 45.69 
- 47.21 
- 50.56 
- 65.50 
- 70.68 
- 73.12 
- 73.72 
10.67 
1.52 
6,09 
1.52 
3.35 
14.94 
5.18 
2.44 
0.60 
Tubewell No : 45 
Location : Ghansauli 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Clay 
Sand 
Clay 
Coarse Sand & Kankar 
Coarse Sand 
Coarse Sand & Kankar 
Medium Sand 
Coarse Sand 
Brown Sand 
Coarse Sand 
Clay 
Stone & very fine Sand 
Clay & Kankar 
4.57 -
10.66 -
13.70 -
16.74 -
22.83 -
25.87 -
28.91 -
37.75 -
40.79 -
47.19 -
51.49 -
52.68 -
- 4.57 
- 10.66 
- 13.70 
- 16.74 
- 22.83 
- 25.87 
- 28.91 
- 37.75 
- 40.79 
- 47.19 
- 51.49 
- 52.68 
- 63.04 
4.57 
6.09 
3.04 
3.04 
6.09 
3.04 
3.04 
8.84 
3.04 
6.40 
4.27 
1.22 
10.36 
S.No. Lithology Depth Thickness 
Tubewell No : 50 
Location j. Rajbaraulia 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Clay 
Fine Sand 
Clay 
Medium Sand 
Coarse Sand 
Coarse Sand 
Sandstone 
Fine Sand 
Clay 
Fine Sand 
Medium Sand 
Clay 
Fine Sand 
Medium Sand 
Clay 
& Kankar 
& Bajri 
with 
with Kankar 
with Stone 
4.57 
10.66 
13.77 
20.40 
24.05 
38.99 
41.73 
43.25 
47.82 
52.39 
67.02 
73.11 
75.55 
- 4.57 
- 10.66 
- 13.70 
- 20.40 
- 24.05 
- 38.99 
- 41.73 
- 43.25 
- 47.82 
- 52.39 
- 67.02 
- 73.11 
- 75.55 
- 77.68 
4.57 
6.09 
3.04 
6.70 
3.65 
14.94 
2.74 
1.52 
4.57 
4.57 
14.63 
6.09 
2.44 
2.13 
Tubewell No : 52 
Location : Khitaura Kundan 
1. Sand medium white 
2. Sand medium white with 
Kankar 
9.14 
- 9.14 
- 33.53 
9. 14 
24.39 
Sand medium grey 33.53-39.62 6.09 
S.No. Lithology Depth Thickness 
5, 
6. 
Sand medium grey with 
Kankar 
39.62 - 49.37 9.75 
Sand fine grey 
Clay hard & pasty 
49.37 -
49.97 -
- 49.97 
- 54.15 
0.60 
5.18 
Tubewell No : 56 
Location x Ahmadnaqar Asauli 
1. Clay 
2. Medium Sand 3.04 
3. Coarse Sand with Kankar 6.3 2 
4. Medium Sand 35.27 
5. Hard Clay 38.92 
6. Fine Sand 61.79 
7. Medium Sand 63.92 
3.04 
6.32 
35.27 
38.93 
61.79 
63.92 
68.19 
3,04 
3.28 
28.95 
3.66 
22.86 
2.13 
4.27 
Tubewell No 68 
Locat 
1. 
2. 
3. 
4 . 
5. 
6. 
7. 
8. 
9. 
ion : 
Clay 
Hard 
Clay 
Fine 
Sand 
Clay 
Sand 
Hard 
Sand 
Sirsaul 
Clay with Kankar 
& Kankar 
Sand 
medium & Stone 
& Kankar 
medium & Stone 
Clay 
fine to medium 
3.65 
8.22 
10.96 
15.23 
21.93 
24.97 
26.19 
33.50 
- 3.65 
- 8.22 
- 10.96 
- 15.23 
- 21.93 
- 24.97 
- 26.19 
- 33.50 
- 36.24 
3.65 
4.57 
2.74 
4.27 
6.70 
3.04 
1.22 
7.31 
2.74 
S.No. Lithology Depth Thickness 
10, 
11. 
12. 
Coarse Sand & Stone 
Hard Clay 
Sand fine to medium 
36.24 -
43.86 -
46.90 -
- 43.86 
- 46.90 
- 51.47 
13 
and stone 
Sand fine to medium 
Kankar 
51.47 - 56.04 
Tubewell No ; 71 
Location: Dudhani 
1. Clay - 1.83 
2. Red fine Sand 1.83 - 7.62 
3. Clay hard with Kankar 7.62 - 10.36 
4. Sand fine & Kankar 10.36 - 13.40 
5. Sand medium & Kankar 13.04 - 16.44 
6. Coarse Sand with Bajri 16.44 - 23.75 
& Kankar 
7.62 
3.04 
4.57 
4.57 
14. 
15. 
16. 
17. 
18. 
19. 
20 
21. 
22. 
23. 
24. 
25. 
Sand 
Clay 
Fine 
fine & Clay 
Sand, Medium 
to fine 
Sand 
Hard 
medium 
clay 
Stone clay & Kankar 
Sand 
Sand 
Sand 
Sand 
Sand 
Clay 
fine to medium 
medium & Kankar 
fine 
medium & Stone 
Medium 
& Kankar 
56.04 
57.56 
62.13 
67.62 
70.66 
74.01 
78.89 
81.63 
89.25 
95.34 
98.38 
107.52 
- 57.56 
- 62.13 
- 67.62 
- 70.66 
- 74.01 
- 78.89 
- 81.63 
- 89.25 
- 95.34 
- 98.38 
-107.52 
-108,129 
1.52 
4.57 
5.49 
3.04 
3.35 
4.88 
2.74 
7.62 
6,09 
3.04 
9.14 
0,609 
1.83 
5.79 
2,74 
3,04 
3.04 
7,31 
S.No. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
Lithology 
Medium Sand 
Sand fine with Bajri 
& Kankar 
Sand fine & Kankar 
Sand medium with 
Baj r i & Kankar 
Red fine Sand 
Fine Sand & Kankar 
Sand fine to medium 
& Bajri Kankar 
Fine Sand 
Sand fine to Bajri 
& Kankar, Stone 
Lahel with Stone 
Red fine Sand 
Fine Sand 
Sand fine to medium 
Sand medium & Bajri 
Kankar 
Sand fine with Clay 
Sand fine to medium 
Sand medium & Kankar 
Clay hard & Kankar 
Tubewell No : 73 
Locat ion : Pindaul 
Depth 
23.75 
26.06 
29.10 
33.06 
34.58 
43.42 
46.77 
49.81 
52.85 
55.89 
63.51 
72.05 
76.31 
78.14 
80.88 
82.71 
84.84 
88.19 
- 26. 
- 29. 
- 33. 
- 34, 
- 43. 
- 46, 
- 49, 
- 52, 
- 55, 
- 63, 
- 72, 
- 76, 
- 78, 
- 80, 
- 82, 
- 84, 
- 88. 
- 90. 
,06 
,10 
.06 
,58 
.42 
.77 
.81 
.85 
.89 
.51 
.05 
.31 
.14 
.88 
.71 
.84 
,19 
,63 
Thickness 
2.13 
3.04 
3.96 
1.52 
8.84 
3.35 
3.04 
3.04 
3.04 
7.62 
8.54 
4.26 
1.83 
2.74 
1.83 
2,13 
3.35 
2.44 
1. Clay 
2. Medium Sand 
3. Fine Sand 
6.09 -
34.13 -
- 6.09 
- 34.13 
- 43.27 
6.09 
28.04 
9.14 
S.No. Lithology Depth Thickness 
4. 
5. 
6. 
7. 
8. 
9. 
10-
Hard clay 
Fine Sand 
Medium Sand & Sandstone 
Clay & Kankar 
Kankar 
Clay & Kankar 
Very fine Sand & 
Sandstone 
43.27 
64.00 
68.57 
76.80 
78.32 
81.67 
85.32 
- 64.00 
- 58.57 
- 76.80 
- 78.32 
- 81.67 
- 85.32 
- 89.89 
20.73 
4.57 
8.23 
1.52 
3.35 
3.65 
4.57 
11, Hard clay & Kankar 
Tubewell No ; 75 
Location j. Sidhpur 
1. Surface Clay 
Grey fine Sand 2. 
3, 
4. 
5, 
6, 
7, 
8, 
Grey fine to medium 
Sand 
Hard clay 
Grey fine to medium 
Sand 
Hard clay 
Grey fine to medium 
Sand 
Clay 
89.89 92.33 2.44 
3.04 
9.13 
27.42 
42.66 
76.19 
83.81 
103.62 
- 3.04 
- 9.13 
- 27.42 
- 42.66 
- 76.19 
- 83.81 
-103.62 
-106.66 
3.04 
6.09 
18.29 
15.24 
33.53 
7.62 
19.81 
3.04 
Tubewell No : 77 
Location i_ Simarra Bho-jpur 
1. Pit 
2. Clay & Kankar 
3. Sand medium & Kankar 
- 6.09 
6.09 - 11.58 
11.58 - 14.32 
6.10 
5.49 
2.74 
S.No. Lithology Depth Thickness 
4. Coarse Sand with Kankar 14.32 -
5. Kankar 
6. Sand medium & Kankar 
7. Fine Sand yellow with 
Kankar 
8. Clay Sand & Kankar 
9. Kankar 
10. Fine Sand & Kankar 
11. Medium Sand & Kankar 
12. Clay Sandy & Kankar 
13. Medium Sand & Kankar 
14. Coarse Sand & Kankar 
15. Fine Sand to medium 
yellow with clay mixed 
16. Sand medium & Kankar 
17. Kankar Sand & Clay 
mixed 
Tubewell No ; 80 
Location j_ Khairi 
1. Clay - 4.57 4.57 
2. Fine Sand 4.57 - 15.24 10.67 
3. Coarse Sand & Kankar 15.24 - 25.30 10.06 
4. Clay 25.30 - 30.18 4.88 
5. Kankar 30.18 - 31.09 0.91 
 
1 5 . 2 9 
1 5 . 8 9 
3 4 . 4 2 
3 5 . 3 3 
4 7 . 2 2 
4 8 . 1 3 
5 1 . 4 8 
5 2 . 7 0 
5 7 . 2 7 
6 3 . 3 7 
6 8 . 8 6 
7 2 . 5 2 
7 6 . 4 8 
 2 5 . 2 9 
- 1 5 . 8 9 
- 3 4 . 4 2 
- 3 5 . 3 3 
- 4 7 . 2 2 
- 4 8 . 1 3 
- 5 1 . 4 8 
- 5 2 . 7 0 
- 5 7 . 2 7 
- 6 3 . 3 7 
- 6 8 . 8 6 
- 7 2 . 5 2 
- 7 6 . 4 8 
- 7 7 . 0 8 
1 0 . 9 7 
0 . 6 0 
8 . 5 3 
0 . 9 1 
1 1 . 8 9 
0 . 9 1 
3 . 3 5 
1 .22 
4 . 5 7 
6 . 1 0 
5 . 4 9 
3 . 6 6 
3 . 9 6 
0 . 6 0 
S.No. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
Lithology 
Clay yellow 
Fine Sand & Kankar 
Clay & Kankar 
Fine Sand 
Medium Sand & Kankar 
Kankar 
Clay 
Tubewell No : 85 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
ion ; Zahidpur Ghansul 
Clay 
Fine Sand 
Fine to medium Sand 
Medium Sand 
Fine Sand 
Medium Sand & Bajri 
Medium Sand & Kankar 
Medium Sand 
Fine to medium Sand 
& Kankar 
Clay & Kankar 
Clay 
Fine Sand 
Depth 
31.09 
34.13 
43.89 
47.85 
50.29 
52.42 
53.02 
la 
1.21 
3.04 
7.92 
18.28 
21.32 
29.24 
36.55 
42.64 
45.68 
48.72 
57.56 
- 34.13 
- 43.89 
- 47.85 
- 50.29 
- 52.42 
- 53.02 
- 63.38 
- 1.21 
- 3.04 
- 7.92 
- 18.28 
- 21.32 
- 29.24 
- 36.55 
- 42.64 
- 45.68 
- 48.72 
- 57.56 
- 61.52 
Thickness 
3.04 
9.76 
3.96 
2.44 
2.13 
0.06 
10.36 
1.21 
1.83 
4.88 
10.36 
3.04 
7.92 
7.31 
6.09 
3.04 
3.04 
8.84 
3.96 
S.No. Lithology Depth Thickness 
13. Fine Sand & Kankar 
14. Kankar 
15. Medium Sand & Kankar 
16. Clay 
17. Fine Sand & Kankar 
18. Kankar 
19. Fine to medium Sand 
20. Medium Sand & Bajri 
21. Medium Sand 
22. Fine Sand 
6 1 . 5 2 
6 3 . 3 5 
6 3 . 9 5 
7 0 . 5 6 
8 1 . 2 3 
8 4 . 2 6 
8 5 . 1 7 
8 7 . 3 0 
9 9 . 4 9 
1 0 3 . 4 5 
- 6 3 . 3 5 
- 6 3 . 9 5 
- 7 0 . 5 6 
- 8 1 . 2 3 
- 8 4 . 2 6 
- 8 5 . 1 7 
- 8 7 . 3 0 
- 9 9 . 4 9 
- 1 0 3 . 4 5 
- 1 0 4 . 3 6 
1 .83 
0 . 6 0 
7 . 6 1 
1 0 . 6 7 
3 . 0 3 
0 . 9 1 
2 . 1 3 
1 2 . 1 9 
3 . 9 6 
0 . 9 1 
Tubewell No : 96 
Location : Mutsan 
1. Clay 
2. Fine Sand 
3. Medium Sand 
4. Medium Sand 
5. Coarse Sand 
6. Clay & Kankar 
7. Medium Sand 
8. Sand medium & Sandstone 36.56 
9. Clay & Kankar 
10. Fine Sand 
11. Clay 
12. Kankar & Clay 
3 . 0 4 -
7 . 6 1 -
1 2 . 1 8 -
2 2 . 8 4 -
2 8 . 9 4 -
3 4 . 1 2 -
 -
4 4 . 1 8 -
4 5 . 7 0 -
4 8 . 4 4 -
5 4 . 8 4 -
- 3 . 0 4 
- 7 . 6 1 
- 1 2 . 1 8 
- 2 2 . 8 5 
- 2 8 . 9 4 
- 3 4 . 1 2 
- 3 6 . 5 6 
- 4 4 . 1 8 
- 4 5 . 7 0 
- 4 8 . 4 4 
- 5 4 . 8 4 
- 5 7 . 8 8 
3 . 0 4 
4 . 5 7 
4 . 5 7 
1 0 . 6 7 
6 . 0 9 
5 . 1 8 
2 . 4 4 
7 . 6 2 
1 .52 
2 . 7 4 
6 . 4 0 
3 . 0 4 
S.No. 
13. 
14. 
15. 
16. 
17. 
Lithology 
Clay & Kankar 
Medium Sand 
Clay 
Fine Sand 
Fine to medium Sand 
Sandstone 
Tubewell No : 99 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
ion : Saifullah Gani 
Clay 
Fine to medium Sand 
Clay 
Fine Sand 
Hard Clay 
Depth 
57.88 
61.23 
67.32 
69.45 
73.72 
3.04 
4.26 
15.23 
18.27 
Medium Sand & Sandstone 25.89 
Coarse Sand & Boulders 
Hard Clay & Kankar 
30.46 
40.51 
Medium Sand & Sandstone 55.14 
Hard Clay & Kankar 
Medium sand 
Hard Caly & Bajri 
Fine sand to medium 
& Sandstone 
Clay 
Medium Sand 
Hard Clay 
60.93 
67.63 
74.33 
89.26 
93.83 
105.93 
108.76 
- 61.23 
- 67.32 
- 69.45 
- 73.72 
- 80.42 
- 3.04 
- 4.26 
- 15.23 
- 18.27 
- 25.89 
- 30.46 
- 40.51 
- 55.14 
- 60.93 
- 67.63 
- 74.33 
- 89.26 
- 93.83 
-105.72 
-108.76 
-112.11 
Thickness 
3.35 
6.09 
2.13 
4.27 
6.70 
3.04 
1.22 
10.97 
3.04 
7.62 
4.57 
10.05 
14.63 
5.79 
6.70 
6.70 
14.93 
4.57 
11.89 
3.04 
3.35 
S-No. L i tho logy 
Depth 
Sufeewen No j_ n g 
^^^^^^ion J. Bhur Khitaura 
1, Clay 
4 . 
5 . 
'^^^^'iiM i auraaaabad Bhur 
1, Clay 
8 
78.93 - 81.97 
Thickness 
2- Fine to :ned Sand , ,, '' °' 
. 3.04 - 6.08 . ^, 
3- Med Sand ^-^^ 
6.08 - 9 12 
M-d sand & Kankar . ^, ' ' ' ° ' 
y•12 - 50 27 
Fine sand Kankar 5. ,^ ' ""'"^ 
30.27 - 54.84 
6- Hard Clay ^'^^ 
54-84 - 67.03 ., ,, 
-^ Fine Sand ^^'^^ 
67.03 - 70.99 ^ „ 
-^ Fine to raea Sand 7. ,, '''' 
/O.99 - 76 17 
9- Hard Clay ' ^-^^ 
76.17 - 91 in 
10- Kankar ^^.93 
91.10 - 92 ni 
"-'- coarse Sand °-^^ 
-'-2- Stone 2.44 
94.45 - 97 49 
^ubewell No ^ 119 ^•°4 
o ~ 3.66 T ^  
-^^ Medium Sand ' ^ ^ 
3.66 — 18 90 
-i-o . 90 - 43 28 
4- Medium Sand & sandc^ ' ^^'^^ 
Sandstone 43.28 - 58.52 
5- Fine Sand ' 15.24 
58.52 - 61 5fi 
6. Clay ^ ^ 3.04 
61.56 - 66.44 
7- Medium Sand & Bajri .. '^^ 
-" 66.44 - 78.93 
Clay 12.49 
3.04 
S.No. Lithology Depth Thickness 
9. Fine Sand 81.97 - 91.11 9.14 
10. Medium Sand & Sandstone 91.11-99.03 7.92 
Tubewell No j_ 138 
Location j_ Dahqwan 
1. Surface Clay 
2. Fine to medium Sand 
3. Medium Sand 
4. Medium Sand with Kankar 15.22 
and Bajri 
5. Medium with Sandstone 
5. Sandstone 
7. Medium to Coarse Sand 
with Sandstone 
8. Medium to Coarse Sand 27.38 - 45.06 17.68 
with pebbles & Sandstone 
9. Medium Sand with Sand- 45.06 - 55.42 10.36 
stone 
10. Clay & kankar nueid 55.42 - 58.77 3.35 
with covering clay 
2.43 -
9.13 -
-
18.26 -
21.30 -
24.35 -
- 2.43 
- 9.13 
- 15.22 
- 18.26 
- 21.30 
- 24.35 
- 27.38 
2.43 
6.70 
6.09 
3.04 
3.04 
3.04 
3.04 
11. 
12. 
13. 
14. 
15. 
Fine Sand 
Medium Sand with 
Sandstone 
Hard Clay 
Hard Clay & Kankar 
Covering Clay 
58.77 
60.90 
76.75 
79.19 
83,76 
- 60.90 
- 76.75 
- 79.19 
- 83.76 
- 85.28 
2.13 
15.85 
2.44 
4.57 
1.52 
S.No. Lithology Depth Thickness 
Tubewe11 No 140 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
ion : Ambiapur 
Surface Clay 
Brown fine Sand 
Hard Clay 
Grey fine Sand with 
Sandstone 
Hard Clay 
Grey fine to medium 
Sand with Kankar 
Clay with Kankar 
Brown fine Sand 
Fine to medium Sand 
Grey fine to med.Sand 
Fine to medium Sand 
with Sandstone 
Covering Clay 
Hard Clay & Kankar 
with Stone 
Fine to medium Sand 
Covering Clay 
Fine to medium Sand 
with hard stone 
Covering Clay & Kankar 
Fine to medium Sand 
Clay 
3, 
6. 
9. 
13, 
16. 
27, 
34. 
39. 
46. 
52. 
58, 
64, 
69, 
76. 
78, 
92, 
97. 
113, 
,04 
,39 
,74 
,40 
.14 
,72 
.42 
.60 
.30 
.70 
.49 
.28 
.46 
.77 
.60 
.01 
.80 
.64 
- 3.04 
- 6.39 
- 9.74 
- 13.40 
- 16.14 
- 27.72 
- 34.42 
- 39.60 
- 46.30 
- 52.70 
- 58.49 
- 64.28 
- 69.46 
- 76.77 
- 78.60 
- 92.01 
- 97.80 
-113.64 
-115.77 
3.04 
3.35 
3.35 
3.66 
2.74 
11.58 
6.70 
5.18 
6.70 
6.40 
5.79 
5.79 
5.18 
7.31 
1.83 
13.41 
5.79 
15.84 
2.13 
S.No, Lithology 
Tubewell No : 14 2 
Locat 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
ion : Naqar Joona 
Surface Clay 
Hard 
Fine 
Clay & Kankar 
Sand with Clay & 
Kankar 
Fine 
Clay 
Clay 
Fine 
Fine 
Sand 
& Kankar 
& Kankar 
Sand with Stone 
Sand 
Yellow fine Sand 
Fine 
with 
Fine 
to medium Sand 
Kankar 
to medium Sand 
Yellow medium Sand 
Depth 
1.22 -
4.57 -
8.53 -
11.57 -
15.23 -
19.19 -
21.32 -
30.46 -
33.46 -
36.54 -
39.58 -
- 1.22 
- 4.57 
- 8.53 
- 11.57 
- 15.23 
- 19.19 
- 21.32 
- 30.46 
- 33.50 
- 36.54 
- 39.58 
- 45.67 
Thickness 
1.22 
3.35 
3.96 
3.04 
3.66 
3.96 
2.13 
9.14 
3.04 
3.04 
3.04 
6.09 
with Kankar 
13. Medium Sand with Kankar 45.67-53.59 7.92 
and Sandstone 
14. Fine Sand with Kankar 53.59-57.86 4.27 
and Sandstone 
15. 
16. 
17. 
18. 
19. 
Hard stone 
Fine Sand with Kankar 
Medium Sand with 
Sandstone 
Sand with Hard stone 
Hard Caly with Kankar 
57. 
59. 
67, 
88. 
97. 
.86 
.69 
.61 
.33 
,17 
- 59. 
- 67. 
- 88, 
- 97. 
-100. 
,69 
,61 
.33 
.17 
,52 
1. 
7. 
20, 
8, 
3. 
.83 
.92 
.72 
.84 
,35 
S.No. Lithology Depth Thickness 
Tubewell No : 149 
Location : Baramai Khurd 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
Surface Clay 
Fine Sand Light grey 
Fine to medium Sand 
Light grey 
Fine Sand Grey 
Fine to med.Sand grey 
Medium Sand Grey 
Fine to medrSand grey 
Med.Sand Light grey 
Medium Sand with hard 
Stone grey 
Med. Sand Light grey 
Loose Clay & kankar 
Clay & Hard Kankar 
Medium Sand Grey 
Fine to medium Sand 
1. 
6. 
9. 
12. 
18, 
33. 
35. 
39. 
42, 
45, 
47, 
50. 
58, 
-
,83 -
.10 -
,14 -
,18 -
.27 -
.51 -
.03 -
,60 -
.64 -
,60 -
.23 -
,16 -
.39 -
1. 
6. 
9. 
12. 
18. 
33. 
35. 
39. 
42, 
45, 
47, 
50, 
58, 
60, 
,83 
,10 
.14 
,18 
,27 
,51 
,03 
,60 
,64 
.60 
.73 
.16 
.39 
.52 
1. 
4. 
3. 
3, 
6. 
15, 
1, 
4, 
3, 
3 
2 
2, 
8, 
2. 
.83 
.27 
,04 
.04 
,09 
,24 
,52 
,57 
.04 
.96 
.13 
.43 
.23 
.13 
Brown 
15. Fine to medium Sand 60.52-66.01 5.49 
Light Brown 
16. Medium Sand grey with 66.01-69.05 3.04 
Sandstone 
17. Medium Sand grey 69.05 - 87.34 18.29 
18. Medium Sand with 87.34-91.61 4.27 
Sandstone & Kankar 
19. Clay & Kankar hard 91.61-93.44 1.83 
S.No. Lithology Depth Thickness 
Tubewell No j. 156 
Location : Sukatia 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
Surface Clay 
Brown medium Sand 
Medium Sand 
Med.Sand with Sandstone 
Medium Sand 
Medium Sand with stone 
Medium Sand 
Med,Sand with Sandstone 
Hard Clay 
Brown medium Sand 
Medium Sand 
Med.Sand with Sandstone 
Hard Clay 
Brown medium Sand 
Medium Sand with 
Sandstone 
Coarse Sand with 
hard stone 
Tubewell No : 161 
Locc 
2. 
6, 
21. 
27, 
33, 
36, 
39, 
49, 
59, 
67, 
70, 
73. 
74, 
88, 
94, 
ition : Afzalpur Choqqanpur 
.13 -
,09 -
.33 -
.42 -
.51 -
.55 -
.59 -
.65 -
.71 -
.02 -
.06 -
.10 -
.93 -
.34 -
,43 -
- 2.13 
- 6.09 
- 21.33 
- 27.42 
- 33.51 
- 36.55 
- 39.59 
- 49.65 
- 59.71 
- 67.02 
- 70.06 
- 73.10 
- 74.93 
- 88.34 
- 94.43 
- 97.47 
2.13 
3.96 
15.24 
6.09 
6.09 
3.04 
3.04 
10.06 
10.06 
7.31 
3.04 
3.04 
1.83 
13.41 
6.09 
3.04 
1. Surface Clay - 1.83 1.83 
2. L.G.Fine to medium Sand 1.83 - 6.10 4.27 
3. Fine to medium Sand 6.10-24.39 18.29 
S.No. Lithology Depth Thickness 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Fine to medium Sand 
with stone 
Light grey med.Sand 
Fine Sand 
Clay 
Brown fine to medium 
Sand 
Medium Sand 
Medium Sand with 
24.39 
28.05 
37.80 
47.55 
49.99 
56.08 
62.17 
- 28.05 
- 37.80 
- 47.55 
- 49.99 
- 56.08 
- 62.17 
- 68.26 
3.66 
9.75 
9.75 
2.44 
6.09 
6.09 
6.09 
hard stone 
11. Medium Sand with 68.26 - 81.06 12.80 
Sandstone 
12. Clay 81.06 - 99.35 18.29 
Tubewell No : 18 5 
Location : Haibatpur 
1. Surface Clay 
2. Very fine Sand 
3. Grey fine & med.Sand 
4. L.G.Fine Sand with 
-
1.52 -
3.04 -
9.13 -
1.52 
3.04 
9.13 
15.22 
1.52 
1.52 
6.09 
6.09 
Sandstone 
5. Grey medium Sand with 15.22 - 27.41 12.19 
Sandstone 
6. L.G.Medium Sand 27.41 - 33.50 3.04 
7. Sandy Clay 33.50 - 36.54 3.04 
8. L.G.Fine Sand 36.54 - 39.58 3.04 
9. Covering Clay & Kankar 39.58-45.67 6.09 
10. Hard Clay 45.67 - 51.76 6.09 
S.No. Lithology Depth Thickness 
11. L.G.Fine to med. Sand 51.76 - 63.95 12.19 
12. L.G.Fine to med. Sand 63.95 - 73.09 9.14 
13. Grey med.Sand with 73.09 - 85.28 12.19 
stone 
14. Coarse med. Sand with 85.28-88.32 3.04 
Sandstone 
Appendix III 
RESULT OF THE MECHANICAL ANALYSIS OF AQUIFER MATERIALS 
AND GANGA SEDIMENTS 
LOCATION NO.l : DANPUR 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
im mm 
0.84 
0. 71 
0. 50 
0.35 
0.25 
0. 17 
0. 12 
0. 08 
0. 06 
0. 06 
Weight 
retained 
in gm 
-
2 ,72 
1.84 
7.85 
108.10 
26.86 
41.54 
6.72 
2.69 
1. 28 
Weight % 
retained 
-
1. 36 
0.92 
3.93 
54 . 16 
13.45 
20.81 
3.37 
1.35 
0. 64 
Cummulative 
weight % 
retained 
-
1. 36 
2.28 
6.21 
60.37 
73.82 
94.63 
98.00 
99.35 
99 . 99 
Cummulative! 
Weight % 1 
passing ' 
100 
9 9.64 1 
97.72 ' 
93 . 79 ; 
39. 63 \ 
26.18 
5.3 7 
2.00 
0.65 
0. m 
Contd 
LOCATION NO.2 : KHAIRI 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
im mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gm 
-
0.24 
0.21 
0.48 
4.10 
3.23 
36.78 
31.11 
19.51 
4.32 
Weight % 
retained 
-
0.24 
0.21 
0.48 
4.10 
3.23 
36.79 
31.12 
19.51 
4.32 
Cuitimulative 
weight % 
retained 
-
0.24 
0.45 
0.93 
5.03 
8.23 
45.02 
76.14 
95.65 
99.97 
Cummulative 
Weight % 
passing 
100 
99.76 
99.55 
99.07 
94.97 
91.77 
54.98 
23.86 
4.35 
0.03 
Contd. 
LOCATION NO.3 : RAFINAGAR 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
im mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
"Weight 
retained 
in gm 
-
1.85 
0.37 
0.69 
4.25 
5.17 
40.18 
26.31 
14.25 
6.33 
Weight % 
retained 
-
1.86 
0.37 
0.69 
4.28 
5.20 
40.42 
26.47 
14.34 
6.37 
Cummulative 
weight % 
retained 
-
1.86 
2.23 
2.92 
7.20 
12.40 
52.82 
79.29 
93.63 
100.00 
Cummulative 
Weight % 
passing 
100 
98.14 
97.77 
97.08 
92.80 
87.60 
47.18 
20.71 
6.37 
0.00 
Contd. 
LOCATION NO.4 : SILHARI 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
im mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gm 
-
0.74 
0.53 
2.68 
32.20 
24.36 
31.90 
4.63 
2.10 
0.76 
Weight % 
retained 
-
0.74 
0.53 
2.68 
32.23 
24.38 
31.93 
4.63 
2.10 
0.76 
Cummulative 
weight % 
retained 
-
0.74 
1.27 
3.95 
36.18 
60.56 
92.49 
97.12 
99.22 
99.98 
Cummulative 
Weight % 
passing 
100 
99.26 
98.73 
96.05 
63.82 
39.54 
7.51 
2.88 
0.78 
0.02 
Contd. 
LOCATION NO.5 : BHOR KHITAURA 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
im mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gm 
-
0.39 
0.12 
2.01 
42.27 
39.06 
92.18 
16.28 
5.68 
1.42 
Weight % 
retained 
-
0.19 
0.06 
1.00 
21.19 
19.58 
46.22 
8.16 
2.84 
0.71 
Cummulative 
weight % 
retained 
-
0.19 
0.25 
1.25 
22.44 
42.02 
88.24 
96.40 
99.24 
99.95 
Cummulative 
Weight % 
passing 
100 
99.81 
99.75 
98.75 
77.56 
57.98 
11.76 
3.60 
0.76 
0.05 
Contd. 
6AN6A (30cm) 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
im mm 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gm 
-
0.04 
0.09 
0.65 
8.32 
19.12 
51.94 
9.87 
5.53 
4.12 
Weight % 
retained 
-
0.04 
0.09 
0.65 
8.34 
19.18 
52.10 
9.90 
5.54 
4.13 
Cummulative 
weight % 
retained 
-
0.04 
0.13 
0.78 
9.12 
28.30 
80.40 
90.30 
95.84 
99.97 
Cummulative 
Weight % 
passing 
100 
99.96 
99.87 
99.22 
90.88 
71.70 
19.60 
9.70 
4.16 
0.03 
Contd, 
6AN6A (60cin) 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size 
iro mm 
0.84 
0.71 
0,50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gm 
-
0.03 
1.12 
0.65 
3.17 
6.58 
52.64 
21.34 
10.93 
2.75 
Weight % 
retained 
-
0.03 
1.12 
0.65 
3.19 
6.63 
53.06 
21.50 
11.02 
2.77 
Cummulative 
weight % 
retained 
-
0.03 
1.15 
1.80 
4.99 
11.62 
64.68 
86.18 
97.20 
99.97 
Cummulative 
Weight % 
passing 
100 
99.97 
98.85 
98.20 
95.01 
88.38 
35.32 
31.82 
2.80 
0.03 
> 
• »-< 
< 
c . 
o . 
I -t-J 1 
1 m 
1 3 1 
1 +-* 1 
D 1 
1 LL. 1 
1 1 ^ 
' ' -^  
1 1 _ I 00 
' 3 ^ 
> 1 CO 
. O 1 . 
1 ty^ 1 . _ J 
< O ' "CO 
' z : 1 Q v - ' 
> O > -t-'O-
• a , 1 C13: 
1 ' GJcn 
. 1 0 ^ - -
1 O 
1 • ro 
< ' Q 
; ; ^ 
1 ' _J (J^ 
. rt r: 
> 0 3 
' ^ 1 ~ 
' O 1 ^ ^ 
1 0"i ( . _ J 
' 5 : 1 o ^ 
1 ' j j > 
1 c t : 1 J T ' - ^ 
' a . 1 ^--CL 
' ' a x 1 1 OCQ 
' 1 Q w 
. . O 
1 I n 
' 1 Cx 
1 / - ^ 
i O lA 
- C — E 
1 CJ • -
O w 
. ^ 
1 H~ -_-
1 O • • 
Q_ t/1 
' - J X E 
1 . . 
' ^ 
\ . / - v 
I C X „ ) 
. -LD 
' s:< 
1 CC 
' L U ^ 
' LLl iTi 
> < E 
' O 
' "" 
' d 
^ 
m 
o 
-<f 
N. 
rvj 
o 
r o 
o 
»-
o 
<J-
lA 
C\S 
v t 
^J-
' r^ 
o 
1 ^ 
o 
CO 
t O 
r u 
1 . — 
' U ^ 
o 
o 
N-
r-
o 
o 
o 
LTl 
CO 
[_ 
D 
ra 
X 
,.. 
i n 
o 
N-
o 
ro 
Os 
i n 
= 
FC 
^ 
-.J 
- J 
rO 
r--
m 
T— 
hO 
N -
O 
m 
CO 
N 
r> 
CM 
r -
o 
(\i 
c 
fit 
en 
LL 
ta 
cu 
i n 
o 
vT 
K 
O 
r-n 
- j -
i n 
CO 
-4-
= 
?c 
r\j 
« i 
vf 
N-
^o 
i n 
a ) 
vJ 
-o 
o 
m 
en 
N-
i n 
i n 
O 
i n 
ro 
c 
03 
x : 
u 
o 
m 
r--
r o 
o 
v-t 
<i 
m 
o 
OJ 
N-
m 
= 
1^  
o 
rn 
ro 
a ) 
o 
-4^ 
<— O 
i n 
o 
CO 
N-
-<i 
CO 
l ^ 
o 
o 
r i 
( o 
CO 
en 
CO 
>-en 
zz 
- j -
tn 
o 
-J-
o 
m 
^ 
K i 
o 
r o 
= 
K 
r--
ro 
i n 
OJ 
v t 
CM 
m 
i n 
r-^  
m 
r--
o 
o 
i n 
o 
en 
M 
J 
Ci\ 
f\J 
o 
--T 
vO 
CM 
CO 
m 
rvj 
<>. 
' j ^ 
o^ 
^ 
o 
:^  
o 
--
v } 
o fM 
LTi 
5^  
O 
o 
,— 
'-
o 
o 
o 
o 
vO 
o 
*" 
o 
o 
T : , ^ 
— 
n l 
so 
o 
•-o 
vO 
r v 
r o 
r\J 
- j - i 
ro 
; 
N-
O 
f 1 
o CO 
K1 
LTV 
K l 
l . r i 
O 
Ln 
o 
•J1 
r--
N-
o 
o 
o 
D l -
Q - > - X J > - D 
.— 
V ra )i n 
- W D - C 
M j a : t -
CU 13 CD 
Z tu 
O-C 
U- i^CLXCO 
i n 
^ 
fs. 
-Jl 
LTI 
O 
r^  
- i) 
t ^ 
N . 
ro 
N-
r-
r--i 
= 
r ' l 
H I 
'-> 
M 
K l 
- i t 
r u 
\r\ 
r o 
>!) 
o 
r--
o 
o 
o 
i r \ 
OJ 
r o 
n 
r i 
ro 
o -
- C 
o 
i n 
o 
-O 
t ^ 
o 
'^  
- J 
K l 
•A) 
v j -
= 
o 
>o 
-J 
r^ 
»— 
m 
r -
*— 
o 
o 
CJ 
,— 
a) 
K l 
i n 
o 
so 
s j -
• ^ 
— t J 
u ro 
raxix: 
J 11 
- • - c 3 
< o c o 
CO i > 
CM 
sO 
O 
-o 
N. 
t \ l 
K 
i n 
i n 
Os 
i n 
= 
sT 
ro 
-o 
rs-
i n 
s i ) 
o 
»" 
CO 
CD 
CM 
r\/ 
01 
ro 
CM 
o 
o 
^ 
ro 
j : : 
n 
ra 
z 
o 
sCl 
LK 
o 
CO 
r^  
o~ 
m 
s r 
s j -
s<l 
s j 
c> 
^ 
i n 
o 
fc 
i n 
rn 
L/l 
O 
^^) 
i n 
m 
i n 
N-
O 
rn 
n j 
CO 
i n 
t \ i 
o 
o (\i 
:t 
F 
ro 
^ 
,_ 
OJ 
i n 
o 
R 
<t 
CO 
<r 
CO 
- J 
i n 
= 
i n 
Ml 
V) 
i n 
( • ) 
f , j 
-/) 
o^ 
N O 
o 
o 
• — 
r-
o 
o 
-n 
n i 
•~t 
^ j > 
o 
N -
<\1 
n d 
m 
o 
O J 
T— 
o 
N-
O 
o 
i n 
tNJ 
o 
i n 
OJ 
z 
-G 
." 
{ ) 
^ 1 
f \ i 
( ) 
-Jj 
O J 
T— 
vr 
r - j 
o 
o 
- j ^ 
o 
o 
o 
i n 
O 
o 
N-
n j 
•<r 
-4-
CO 
N-
• t 
z 
^' 
•<T 
K-' 
i n 
o 
i n 
i n 
N-
*— 
sO 
o 
• N J 
r— 
K 
o 
o 
o 
o 
m 
E:CO 
-4-
O 
r-
r\j 
M 
m 
o 
O J 
v t 
= 
r~-
v i ) 
l f \ 
ro 
--T 
^ j 
- J 
o 
•r-
vn 
o 
O 
.-
r-
CO 
a> 
o 
OJ 
O 
' < CO t 
O 1 
CO 1 
i n ' 
m > 
N- 1 
O ' 
. — 1 
O 1 
CO . 
O 1 
• r - . 
^n t 
' * 
^ j 1 
CO ' 
vD « 
< J 1 
O^ ' 
^ < 
O I 
^ ! 
-^ ( r o ' 
vo. . 
CD 1 
m ' 
N- ( 
OJ 1 
O ' 
OJ • 
O ' 
1 
c 
o 
CD 
3 
•M 
U 
3 
U -
1 /-N 
1 — ' 
. 3 e 
1 (C 
O ' • 
O • 3 * ^ 
Crt ' '—1 
2 1 h-C) 
o " -ai 
X ' O ^ 
h- 1 
CO ' ^ ' - ^ 
• < U C D 
1 Q N _ ' 
1 d j 
1 -kj 
< <u 
' Q 
, ^ 
. -. 
1 —I cn 
' 3 E 
1 ro 
( V - ' 
o > • 
O 1 3 ^ 
00 1 • _ ! 
Z < t—O 
O ' -CO 
E • O ^ 
LU 1 
OH 1 - C ' " ^ 
C L 1 +JQ_ 
' n ^ 
1 (uca 
r O ^ 
> Q) 
% -M 
1 CU 
' Q 
^ - s 
S~ • 
O « 
—' 4-» 
x : - - E 
CLZS C 
o ^-^ 
^ 
w- —' 
o • • 
Q_ O) 
- I S e 
ac CU 
. / - N 
C L _ J 
• O 
s : < 
or 
U J / ^ 
K- • 
LU cn 
o 
z 
o 
1— 
< LJ
o 
_ J 
o 
z 
o 
tr \ 
o 
1 ^ 
00 
o 
r g 
CO 
O 
f \ j 
o 
r— 
o 
Ov 
o 
(^  Lr\ 
ro 
f ^ 
l A 
ro 
o 
vO 
o 
-^  
o 
^ 
i n 
CD 
o 
ro 
^^  
o 
o 
o 
o CM 
:_ 
tD 
cn 
CU 
c H -
:-cc 
M 
f^ 
^ 
r\i 
• ^ 
o 
« i 
-o 
LH 
N-
(\J 
U-l 
1 ^ 
rvj 
«1 
- / I 
N-
r--) 
s. 
r^  
<> 
^ 
v, t 
o 
o 
r_ 
N . 
O 
o 
O 
<-.! f\J 
t _ 
cn 
t 
m 
t_ 
CD 
^ 
t o 
I ^ 
t A 
O 
fNI 
-O 
O 
D 
ro 
^ 
~J-
K l 
M 
- / I 
t ^ 
^ t 
f\J 
K l 
CO 
(M 
CM 
r^  
<r 
o 
o 
^ 
-o 
o 
-s t 
o 
<-) o 
( • 
m 
r 
f / ) 
m 
x : 
CD 
to 
l > 
i n 
tK 
o 
>o 
-o 
(\J 
• i l 
t— 
f\J 
<J 
f\J 
I T i 
^ 1 
N-
Ln 
r\i 
N-
r^ 
r o 
o 
^ 
u-i 
o 
LA 
en 
^) 
o 
ff) 
o 
o 
"" 
L-
1 
l> 
1 
m 
J 
-c 
o 
o 
( \ j 
m 
-4-
o 
NO 
CM 
O 
O 
O 
r--
,— 
-.t 
^ 
o 
-J-
T— 
Ol 
OJ 
c\,t 
rM 
v t 
o 
r^  
-n 
-o 
CO 
N-
O 
^ t 
o 
u 
,— a j 
o 
rvi 
vO 
on 
i n 
t \ i 
o 
CO 
r o 
O 
o 
(\i 
s(l 
(^  ro 
hO 
N(1 
f o 
o< 
-D 
f \ j 
i n 
CO 
vi-
o 
t \ j 
m 
n^ 
t \ i 
CM 
o 
o 
o 
D <D 
Q j 
- cn 
C_ V ) - ^ 
<U 3 1-
<U O (U 
cfl nj"D 
raj^ CD 
2C3CQ 
—^ C\J 
r \ j 
f \ j 
<n 
v j -
o 
CC) 
•o 
on 
i n 
v j -
r> 
o 
i n 
t ^ 
N O 
^ t 
r> 
i n 
<^  v t 
i n 
o 
•~ 
1 ^ 
o 
i n 
( \ j 
1 ^ 
i n 
Q 
<-» -4-
u 
•1 
f l (V 
(n 
c 
cn 
- 1 
ro 
( \ j 
v t 
-4-
O 
t ^ 
<o 
-4-
»— 
f l 
CO 
•~ 
< ! • 
1 ^ 
V I 
o;l 
i n 
m 
t ^ 
r^) 
- J 
i n 
CO 
i n 
o 
i n 
,_ r--
-. t 
C J 
*" 
(SI 
- J 
i _ 
T (1 
I (D 
I 
CD 
</l 
a 
ca 
-~f 
OJ 
(M 
(M 
O 
CO 
O 
CM 
t— 
-/) 
cn 
K1 
K 
CO 
-O 
•<r 
en 
•^ 
o 
^J1 
r^  
i n 
o-
CO 
o 
i n 
t ^ 
>n 
( \ j 
*" 
i n 
CO 
.J 
m C/l 
0^ 
i n 
f \ j 
>o 
hn 
o 
(_> t ^ 
^ t 
CO 
v j -
-. t 
CO 
•o 
o 
r^  
o CM 
i n 
o 
r\,i 
t ^ 
o 
N O 
<-> 
ro 
o 
IM 
cn 
o 
o 
N-
N. 
O 
O 
(VJ 
i n 
^ 
t_ 
• ) (1 
F 
m 
N( 
2 
vn 
( \ j 
,— 
^ 
o 
o 
r-
-. t 
o< 
i n 
v t 
i n 
'O 
S 
o 
C) 
r^ 
i n 
M 
<^) 
i n 
<^  
so 
CT 
N 
r^ 
o 
o 
r^  
t ^ 
o 
NCI 
o 
o f ^ 
t_ 
• T 
(1 
• M 
CD 
(1 
cn 
IE 
1 ^ 
<\l 
CM 
v f 
O 
CM 
f ^ 
-<r 
ro 
i n 
^ t 
CO 
u-i 
,_ N-
-<) r^  
i n 
<l (M 
<) 
o 
»" 
CO 
o 
i n 
N . 
r^  
o 
o 
o 
CM 
cn 
—• 
CD 
on 
r J 
C\i 
i n 
o 
f ^ 
CM 
ro 
o 
o 
-4-
o 
o 
1 ^ 
--t 
or) 
•^ 
CO (>. 
-<) 
m O 
on 
o 
o 
t ^ 
r^  
^ t 
o 
t ^ 
CO 
o 
CD 
- I 
L-
cn 
ul 
f-
cn 
CO 
o. 
f\J 
,-
-o 
o 
(. > N-
CM 
t— 
>o 
00 
CO 
o 
o 
•o 
K l 
f ^ 
•f) 
<t 
t~ 
CM 
PO 
CO 
O 
O 
-n 
1 ^ 
<o 
N. 
O 
I ^ 
CM 
I 
<f 
M 
o 
c > 
r^  
>o 
o 
-o 
CO 
i n 
t ^ 
a. 
v<I 
o 
ro 
r^  
CM 
t>. 
r^  
Os 
-o 
< - j 
^ 
—^ N. 
CO 
O 
O 
t ^ 
1 ^ 
CM 
•4) 
O 
i n 
*-
,— 
CD i-
u 3 ' ^ 
i - a c 
E O T ! 
— x : 3 
crtcQc:) 
o 
tn —^ M 
( M 1 
i n 1 
O 1 
^ c 
I - - 1 
N-
o • 
1 ^ ! 
vO 1 
M • 
O-
r— t 
O 1 
^ ' r ^ 1 
Os • 
i n 1 
CM 1 
O r 
^ ' 
Os 1 
CM 1 
i n 1 
O 1 
O 1 
CO 1 
1 ^ 1 
O r 
- O 1 
*~ " 
o • 
o 
O 1 
l_ 1 
3 1 
Q . 1 
+-» 1 
CD 1 
x ; 1 
m I 
CM 1 
Nn ' 
c 
o 
-t-J 
(0 
13 
+-* 
3 
u -
1 ^ 
' -^ 
1 3 E 
1 CD 
O 1 • 
O 1 S ' - ^ 
O) c - - i 
Z 1 t—CJ 
O 1 - c o 
^ . Q w 
I— 1 
t / ) p ^ / ^ 
O • - W Q -
n 1 O:F 1 (Deo 
. Q ^ ^ 
1 <U 
1 •M 
1 (D 
1 O 
, --^  
, — 
1 _ j y) 
1 3 E 
1 to 
' *-' 
O • • 
o 1 :x^ ( /) 1 • _ ! 
Z t 1 — O 
O 1 "CO 
X ' Q ^ J 
UJ ' 
D6 1 J T ' - ^ 
, as: 
1 (UCQ 
i 0 ^ - > 
1 H) 
1 4-* 
1 <T3 
1 O 
,^  M-
o « 
—* V> 
^ - ^ E 
<-: dJ 
Q:3 C 
<D . ^ 
O v ^ 
•^ 
w - ^ 
O • • 
Q- y) 
- i X E 
ot ro 
^^  
.^ ^ 
I X _ 1 
•CD 
s : < 
• ^ 
O i 
U J ' ^ 
>— • 
LU y i 
< E 
o 
z 
o 
t— 
< C-J 
O 
_ J 
o 
z 
o 
-o 
o 
r^  
t^ 
- J -
i n 
t ^ 
o 
,— 
o 
o 
ro 
r^  
^ 
^ 
LTI 
m 
-o 
i n 
5^  
o 
o 
^ 
hO 
t^ 
o ( \ j 
CO 
t^ 
ro 
(NJ 
O 
O 
C h 
o 
CO 
I -
-n 
CO 
o 
t ^ 
o 
- J -
i n 
- J -
- d -
-
- J -
t^ 
i n 
o 
i n 
ro 
i n 
i n 
O ) 
M ) 
o 
o 
o 
r^  
'n 
CM 
o 
o CM 
^ 
3 _ • -
CD D CD 
-f-pTJ c-
• ^ C> 
£ 3 0) 
^•^OL 
ro 
ro 
- J -
ro 
on 
o 
'-
K: 
-n 
r^  
C<1 
^n 
a i 
o i 
= 
CM 
N . 
-4 -
( V 
^r 
o 
o-
a 
-n 
o 
i n 
o 
f \ i 
»— 
'^  
o 
i n 
^ ai 
o 
i n 
o 
CM 
CM 
CM 
+J 
• r -
CT3 
- C 
W 
J 
i n 
M 
c> 
o 
f ^ 
1 ^ 
i n 
CM 
n-
m 
o-
,— 
o 
1 ^ 
vn 
~n 
•<i 
CO 
>n 
ro 
O ) 
o 
o 
o 
(XI 
en 
o 
r > 
o 
^ 
CD 
^ t_ 
CO 
Crt 
v n 
ro 
v t 
o 
v t 
r^  
,_ K \ 
~<) 
ro 
- i t 
-<) 
; 
ro 
r-
o 
n) 
i n 
o 
i n 
i n 
a i 
s. 
o 
i n 
m 
t ^ 
r \ i 
o 
o 
o-
o 
D 
CD 
O 
CD 
cn CD 
Z 
P--
to 
f^ 
o 
CM (^  
r^  
^ 0 
f \ J 
i n 
K l 
( M 
-
C\J 
r^  
t^ 
ro 
ro 
i n 
i n 
m 
• J 
CM 
i n 
o 
i n 
t^ 
cn 
o 
m 
CM 
,_ 
CO 
C7) 
CD 
•2. 
H -
CO 
DC 
on 
ro 
v t 
i n 
o 
•v t 
- O 
s o 
1 ^ 
»— 
sf) 
cn 
<— 
= 
^ t 
~n 
o 
m 
r \ j 
r^  
i n 
CM 
1 ^ 
^ t 
o 
i n 
-n 
wi 
t^ 
CM 
o 
o ( M 
,_ 
CO 
a) 
z 
D 
r 
CO 
o 
K > 
CM 
CM 
O 
- f ) 
- O 
-* t^ 
i n 
CM 
~4-
^ 0 
O 
^ 
CM 
vf) 
<•! 
sO 
(>> 
i n 
(^  r  
<i 
a) 
CM 
CO 
o 
i n 
CM 
r^  
en 
•~fi 
o 
o i n 
,— 
CO 
c_ 
CD 
1 
i 
o 
• J -
r -
v t 
o 
CO 
vO 
,— 
»— 
i n 
CO 
M 
i n 
= 
en 
-o 
C\i 
\r\ 
i n 
o-
t^ 
i n 
o 
o 
o 
CO 
v t 
f ^ 
o 
i n 
fC 
t^ 
CM 
O 
C ) 
i n 
,— 
(0 
- C 
• . — 
1 
CO 
V 
—^ 
^ 
•v t 
( M 
O 
ai 
<o 
^ t 
i n 
»— 
vO 
t^ 
«— 
= 
CO 
>o 
on 
t^ 
o 
o 
CM 
CO 
t^ 
ro 
o 
o 
o 
t^ 
CM 
CM 
o 
o 
o 
,— 
-a 
- I 
.c 
^ 
CD 
(/) I_ 
CO 
r \ j 
^ 
T -
I M 
o 
sO 
<o 
i n 
vO 
CM 
h-
ro 
ro 
= 
vO 
•<1 
vO 
O l 
CM 
CO 
i n 
ro 
o 
CM 
i n 
o (_) 
o 
N-
CM 
r-
o 
i n 
~o 
o 
CD 
( -
O 
+-» 
(D I— 
t -
• ! 
O 
CD 
•a 
\f\ 
- t 
o 
M 
o 
f ^ 
<o 
vO 
'— 
ro 
P d 
^ 
ro 
CN 
«— 
• m 
<o 
<o 
CM 
i n 
ro 
CO 
r^  
ro 
o 
O l 
i n 
o 
0 0 
o-
N(l 
>o 
( M 
o 
C ) 
C3 
,— 
CD 
V 
CD 
(! CD 
z 
- t 
^ 
r^  
K l 
o 
CO 
-o 
o 
*— 
M 
CN 
ro 
= 
1 ^ 
<1 
t^ 
^ 
ro 
-o 
~o 
K l 
r j> 
i n 
i n 
o 
o 
^ N-
f > 
O 
n 
'-
,— 
i_ 
-J 
o 
1 
(D 
t 
CD 
, C 
CO 
i n 
^ 
CO 
< f 
O 
i n 
(^  
o 
^0 
v t 
o 
i n 
= 
m 
r^  
v t 
t — 
i n 
o i n 
i n 
O^ 
< 1 
r^  
o 
CM 
r^  
o 
o 
o 
ai 
vO 
ro 
o 
i n 
( M 
^ 
L-
1 
CO 
C/1 
<. 
<l 
- J -
O 
i n 
o 
i n 
o 
r^  
-o 
= 
i n 
h~ 
<0 
CM 
i n 
r\J 
O 
i n 
CO 
tn 
r^  
o C J 
o 
m 
^ 
ro 
o 
i n 
OCJ 
o 
t_ 
) u CD 
X 
n i-
< 
f ^ 
-4 -
- J - 1 
•<t ' 
O 1 
r— 1 
t ^ 1 
v t • 
CM 1 
r o 1 
^ 1 
i n I 
r o 1 
^ 1 
^ 1 
- J 1 
c^ 
vO 
CO ( 
- O 1 
m ' 
C O • 
o. • 
m • 
CN 1 
i n 1 
o • 
o • 
r ^ 1 
O 1 
M ' 
O 1 
CN 1 
O 1 
CD 1 
X ! 
CD i 
H - 1 
CO 1 
3 1 
z : 1 
CO 
^ 1 
c 
o 
(0 
13 
o 
1 / - ^ 
1 —' 
1 _ l « 
< 3 e 
. CD 
1 V , ^ 
O • • 
O 1 3 ' - ^ 
</) 1 • _ ! 
Z 1 t—C3 
O 1 -CO 
X 1 O - - ' 
t— ' 
O 1 • M Q . 
Q- • Q 3 : 
1 OJCO 
. Q 
1 <D 
t •»-• 
1 03 
• Q 
, --, 
1 — 
1 _ 1 Ui 
' 3 E 
' (U 
1 ^ ^ 
O 1 • 
O i S ' ^ C/1 1 • _ ! 
3 1 t — O 
O 1 -co 
s : ' Q - . -
LU I 
D i 1 ^ ' - N 
CL 1 - M Q -
, as; 
1 Oca 
. O w 
. 0) 
1 4-" 
1 ro 
' O 
,^  
^>- • O 01 
— ' + - < 
^ ^ E 
4-J OJ 
Q 3 C 
(1) . -
Q ^ 
^ 
i + - — ' 
O . • 
Q . VD 
- i s : E 
a CO 
• --^  
Q _ _ l 
• C J 
srcc 
-^' 
Q ; 
L U ^ 
( — • 
UJ (/) 
o 
•z. 
o 
< CJ 
o 
_ J 
CD 
z 
C J 
^ 
o 
s-
ro 
1 
( \ j 
LTi 
ro 
CM 
O 
,— 
^ 
N. 
\r\ 
\r\ 
C\J 
t ^ 
r^ 
f \ j 
5^  
^0 
O 
N-
r \ j 
N . 
-4-
O 
O 
-o 
I ^ 
f\J 
(M 
O 
O 
O 
3 
I E 
CC 
o. 
a . CO 
1— 
o 
^ i n 
o 
V.T 
1 ^ 
< j -
r^ 
OJ 
M 
c-J 
ro 
= 
r^ 
i n 
C\J 
ro 
v t 
i n 
ro 
o 
"" 
i n 
o 
o 
t ^ 
r^ 
o~ 
C\J 
o 
o C\J 
i_ 
Q 
CO 
J 
CO 
CJ 
o 
on 
i n 
o 
1 ^ 
C\l 
IV 
ro 
St-
o 
i n 
r 
r^ 
C> 
ro 
s t 
C\J 
-o 
i n 
a 
y i 
CT 
0 0 
i n 
O. 
-o 
o 
o 
on 
t ^ 
CM 
ro 
T— 
o CJ> 
CO 
CD 
x : 
V 
t_ 
- 1 
- C 
03 
<— i n 
^ T 
CO 
O 
r^ 
<n 
r^ 
^ 
v t 
i n 
r 
r^ 
t-> 
< i 
i n 
B) 
o-
i n 
T— 
ro 
N-
o 
o 
o 
Ol 
ff) 
ro 
o 
o 
o 
c_ 
-! CI 
n ) c/l 
CO 
i . 
CM 
i n 
< l 
• J -
o 
t ^ 
<n 
~n 
• J -
o 
o 
i n 
O 
,— 
i n 
r s 
so 
CM 
i n 
>(l 
^ 
i n 
f \ i 
^ 
r--
o 
i n 
--t 
r^ 
v t 
r<i 
D 
o 
ou 
r 
J 
CO 
U) 
SI 
-M 
< 
ro 
m 
,-
- J -
o 
an 
^O 
r> 
v t 
v t 
o (^  
^ 
= 
N-
-n 
o CK 
•vt 
o 
CM 
i n 
CT) 
t ^ 
o 
o 
CM 
r^ 
o 
rci 
c •> 
(•> 
o 
CD 
u 
1-
w 
^ i n 
M 
i n 
o 
M 
>o 
CM 
r^ 
<n 
« 1 
= 
m 
-/) 
i n 
nu 
CM 
( V 
ro 
f \ ( 
o-
v t 
o 
o 
i n 
V) 
s j -
o 
o 
o 
t_ 
1-
Cll 
i 
i n 
i n 
•<\ 
ro 
o 
ro 
NO 
CO 
( h 
f \ ] 
f \ j 
z 
ro 
Nf> 
<r 
ro 
CM 
a i 
v t 
CM 
t ^ 
f O 
--t 
o 
o 
m 
V I 
-. t 
o 
o 
ro 
CO 
c/) 
CO 
l_ 
CD 
Cfl 
J>^ 
CO 
- C 
on 
v<l 
i n 
-4-
i n 
o 
I ^ 
-O 
o l 
-J-
Os 
i n 
z 
,_ r^ 
o 
^ 
i n 
ro 
r^  
i n 
5 
O 
(-1 
o 
<r 
CO 
<o 
o 
o 
<o 
r^  
ro 
ro 
o 
o CM 
t_ 
T () CO 
h j 
l _ 
s: 
t ^ 
t n 
ro 
<f 
o 
n./ 
t ^ 
t > 
O 
ro 
i n 
i n 
i n 
O^ 
,— 
>o 
f \ J 
t ^ 
CM 
- J -
v j -
0 0 
o 
i n 
o 
«— 
K 
o 
o 
.n 
1 ^ 
<\ 
i n 
T 
o 
i n 
CO 
r T 
CO 
4- ' 
• .— CO 
z 
CO 
i n 
-4-
i n 
o 
<ii 
-o 
CO 
r^ 
o 
z 
N A 
vO 
r\i 
ro 
CM 
•vt 
• O 
CM 
i n 
o 
ro 
o 
o 
CO 
•<i 
CM 
ro 
o 
o 
o 
CO 
1 
CD 
CO 
CD 
a. 
f > 
i n 
oa 
r ' l 
CZ) 
r^ 
-o 
CO 
^ t 
i n 
^ t 
r^ 
i n 
z 
-n 
•ii 
so 
a ) 
i n 
CM 
*" 
•o 
i n 
*— 
I ^ 
o 
o 
r\] 
r^ 
NT) 
CM 
o 
o 
*" 
• 1 
CO 
CD 
Q3 
O 
-O 
03 
i n 
o 
, 
r^ 
^ t 
ru 
i n 
o< 
ro 
i n 
z 
t — 
r^ 
CM 
«) 
i n 
h -
O 
i n 
5 
-^  
o 
CM 
v j -
N-
O 
i n 
<o 
r^ 
i n 
o 
i n 
*" 
c_ 
CD 
SI )^ 
V— 
NO 
0 0 
ro 
o 
o 
r^ 
CM 
V) 
-J-
^ t 
o 
i n 
5^  
^ 
r^J 
o 
r^ 
o 
o 
i n 
CM 
-J-
i n 
*— 
•~ 
r^ 
o 
i n 
< f 
r^ 
CM 
~.t 
O 
i n 
-O 
i_ 
n 
1) 
T I 
in 
CM 
•o 
o 
o 
o 
N O 
o 
s f 
i n 
o 
i n 
i n 
z 
oa 
NO 
o O) 
i n 
( V 
O N 
m 
on 
v f 
N-
o 
o 
- ~ j -
r^  
O N 
o 
o 
*" 
~i 
CO 
^ < 
ro 
NO 
i n 1 
r o c 
O 1 
O 1 
l -~ 1 
i n 1 
t ^ 1 
N4- 1 
00 c 
o • 
Z 1 
O 1 
N- 1 
O 1 
in ' 
ro 1 
-J- ' 
i n 1 
^ ' f V 1 
1 ^ • 
O 1 
O 1 
i n 1 
r--
r o c 
r o • 
O 1 
i n I 
CM 1 
i_ 1 
CO t 
O l 1 
CD 1 
2 1 
i-i 1 
CO 1 
l _ 1 
CD p 
^ 1 
^ ' N O • 
c 
o 
4-' 
OJ 
13 
i-i 
o 
D 
U -
1 _ J 
^ 
(/) 
1 3 E 
O 1 • 
o < : 3 ( / ) 1 • 
(U 
_ J 
Z I 1—O 
o < • 
S ' O 
t— 1 
CO I XZ 
en 
• ^ 
O 1 • t - 'Q-
Q - 1 CLs: 
1 C J C O 
' Q 
1 OJ 
1 - t - * 
1 Ct3 
• O 
• ^ 
'^  
I _ J C/) 
! 3 E 
O > • 
O < 3 
CO 1 
Z 1 1— 
o - • 
2 : < o 
LU 1 
Ck: ' - C 
CL 1 4-> 
tu 
_ i 
e ] 
CQ 
-^' 
/-~» a . 
1 CLS: 
1 dJCQ 
1 O 
1 OJ 
1 •!-> 
t (D 
' O 
M -
O 
- C — ' 
+J (1) 
^-^ 
T^ 
m 
^ E 
Q 3 C 
0 
O 
M -
o • 
C L 
— 
'"^ 
^ 
(/) 
_ i s : E 
a i 
.^ -^  
C l _ - J 
•C3 
s : < 
Q ; 
LU^-N 
f— • 
Lu m 
< E 
o 
z 
o 
I— 
< o 
o 
_ l 
d 
z 
t/> 
CD 
fNJ 
O 
O 
1 ^ 
K l 
LA 
LTl 
r o 
N O 
i n 
o 
,—' 
CO 
T — 
1 ^ 
m 
NO 
i n 
r \ j 
< 5 
O 
O 
o 
n j 
T — 
CO 
CD 
O 
1 ^ 
r--
o 
o 
o 
*~ 
c 
u 
(D 
- C 
X J 
n 
o 
LTV 
sO 
CO 
> o 
o 
OJ 
N -
I ^ 
i n 
i n 
CO 
N -
m 
-
^— f ^ 
i n 
r \ j 
^ 0 
O 
-4 -
sO 
- J -
O J 
CO 
o 
i n 
r ^ 
r ^ 
_ 
(NJ 
O 
O 
-v3-
CD 
3 
(D 
U 
fD 
-~3 
• o 
N O 
--J 
CO 
o 
• - t 
r ^ 
^ v i -
i n 
r ^ 
i n 
= 
r o 
h -
o 
m 
sO 
i n 
i n 
O 
0 0 
f ^ 
N -
o 
o 
,— CO 
i n 
f M 
o 
o 
o 
CD 
(D 
L. 
CD 
CD 
CD 
oc 
N -
vO 
O 
i n 
o 
O 
vO 
o 
r o 
^ i n 
r o 
-
CO 
o 
o 
o 
r o 
- J -
CO 
m 
T — 
CM 
i n 
o 
o 
f \ j 
r -
-d -
CM 
O 
O 
n o 
c 
(D 
CC 
L 
u 
Q . 
3 
crt 
(D 
Q ; 
CO 
N O 
r \ j 
- J -
o 
N -
o 
CO 
o 
r u 
o 
CO 
r o 
^ 
<—* 
(> 
K 
o 
o 
hO 
CM 
OJ 
-<1-
^ 
<) 
o 
OJ 
m 
CO 
i n 
o 
o 
o 
1 ^ 
r v j 
T — 
o 
o 
a. 
. n 
£_ 
-^  D 
x : 
CO 
O N 
N O 
CO 
i n 
o 
t ^ 
< t 
i n 
• - t 
o 
o 
O 
= 
,_ 
r--
C\J 
i n 
CO 
i n 
N O 
I — 
CM 
CO 
o 
o 
N -
f ^ 
N O 
- d -
r— 
o 
r o 
c 
L. 
CD 
CO 
o 
N . 
-^  
o 
r ^ 
0 0 
r ^ 
r o 
CO 
CM 
- d -
z 
,_ f ^ 
r o 
- j -
o 
o 
- J -
K ) 
sO 
o 
O 
i n 
K 
o 
i n 
o 
o 
i n 
c 
CD 
L . 
O 
E 
CD 
- C 
CJ 
I — 
N -
-4 -
N O 
O 
-4 -
I ^ 
CM 
i n 
r o 
m 
i n 
= 
r o 
1 ^ 
i n 
CO 
i n 
N O 
O 
O N 
N O 
o 
r o 
o g 
T— 
CO 
o 
o 
O N 
1 ^ 
r o 
o 
o 
^ 
i _ 
13 
Q . 
c_ 
<D 
O l 
CD 
CO 
OJ 
r ^ 
•vt 
h -
o 
r o 
1 ^ 
o 
i n 
i n 
vd-
O N 
i n 
^ 
^ 
o 
CM 
r o 
r ^ 
- J -
CM 
SO 
0 0 
N O 
N O 
T — 
O J 
CO 
o 
o 
O N 
1 ^ 
- 4 
• - * 
o 
o 
o u 
t_ 
D 
Q . 
C 
CD 
t_ 
CD 
i < ; 
r o 
f ^ 
r o 
O I 
O t 
r ^ 1 
^ > O I 
i n 1 
i n 1 
sO " 
i n ' 
z 1 
O 1 
t ^ • 
i n 1 
^ 1 
i n 1 
N O 
O ' 
N O ' 
T — 1 
O^ t 
K • 
O ' 
O ' 
i n 1 
r ^ « 
N O ' 
O 1 
o > 
O 1 
L. 1 
13 t 
a > 
CD 1 
- M 1 
C O 1 
^ 1 
r ^ 
PQ 
o 
o 
-M 
X 
• w«4 
" 7 ^ 
^3 
c 
o D, 
a, 
< 
3 
4 - J 
(/) 
OJ 
j r 
4 - ' 
c 
o 
o 
o 
c 
o 
:3 
*' 
_ j 
L l ^ 
; -^  
C: 
<j) 
' Zi E 
O 1 • 
o ' re ( / ) 1 
m 
/—» J 
: ^ 1 H - c a 
O 1 • 
i : 1 Q 
>— 1 
00 ' XI 
n 
-^^  
O ' - M Q -
Q- 1 QJS" 
1 QjCD 
1 Q 
' QJ 
1 (Z 
< ni 
\ _ ] 
-^^  
'-^  
t / i 
. n E 
O i • 
o , : i LO 1 . 
u : t ^— 
O 1 • 
2 ; 1 c i 
UJ 1 
ct: 1 jz 
Q_ . -M 
1 D 
ra 
^ v 
_ J 
;..'J 
m 
w 
-^~. 
n 
> 1 O c a 
' 0 
' OJ 
1 +-' 
1 C 
' 0 
0 
XZ—' 
-t-J C 
-^' 
,-^  
; / : • 
r-
Q-'J. C 
0 
0 
_^ 0 • 
i X 
— • 
^ 
^ 
t / i 
- J i : e 
., -, 
x < 
-^^  
rv: 
I j j r - N 
1— • 
UJ 'SI 
Q 
0 
• — ' 
' 
0 
0 
CO 
0 
^ 
r~ 
"" 
03 
r--1 
ru 
CO 
r d 
N 1 
0 
--
r-
fC 
CO 
•r— 
ro 
CO 
0 
-J -
OJ 
0 
0 
0 
0 
OJ 
LO 
0 
CD 
t ^ 
N -
. - J 
0 
0 
L T l 
CO 
3 
a 
n: 
OJ 
U " l 
CD 
- r 
r-
•(-' 
a) 
i n 
r ' l 
N -
CC) 
v j 
= 
r-n 
r-
0 
T — 
V t 
^^  r^i 
m 
T — 
M 
N . 
C l 
1/1 
CO 
N-
.^^  
,— 
0 
(XI 
c 
fU 
en t,. 
« ] 
h -
U " ! 
CD 
• v t 
f ^ 
a i 
r^i 
~ j 
K l 
( h 
• - t 
= 
f O 
/^  
i n 
Ch 
- t 
( J 
i n 
\r\ 
C) 
•vT 
•<i 
CD 
L n 
CO 
r-
' 
m 
v/y 
0 
in 
( M 
C 
aj 
Q 
m 
U-
CD 
LTl 
0 
ho 
L n 
OJ 
ro 
ro 
= 
•<r 
•^1 
a) 
•<T 
M 
(^) OJ 
-J -
X— 
t ^ 
Ln 
CD 
N -
<i 
' 
a j 
0 
CD 
rn 
L 
0 
f U 
C l 
*-
^ 
r^ 
<M 
CD 
v t 
<i 
Ch 
*— 
f ^ 
( N 
^O 
ro 
= 
--T 
• 0 
( M 
-4-
K 1 
I M 
0 
ro 
CM 
r ' l 
m 
r j 
L V i 
t ^ 
-O 
' • 
C'J 
U\ 
0 
0 
K^ 
-J-
a") 
^ 
CD 
v n 
sO 
i n 
T — 
OJ 
OJ 
i n 
f \ i 
= 
^n 
s / ) 
ho 
V ) 
f \ i 
0 
0 
hO 
»— 
<^) 
CD 
CD 
0. 
0 
CD 
»-
*-
0 
0 
1 
TJJy: 
— 
•-0 
ro 
0 
^ 
Nfl 
ro 
v^ 
OJ 
0 
N -
hO 
OJ 
O N 
— 
IX) ( > 
u-i 
• 0 
rv 
OJ 
^o 
^ 0 
v T 
OJ 
0 
-0 
NO 
CD 
Ln 
i n 
CD 
m 
t > 
^ • ) 
* 
r-
N-
0 
0 
0 
T3 t -
(X>ro >^D 
<U 
•D ro 0 a. 
- c O T D j r 
•i^ C 
•3 ( • . . ra ' J . r 
' -1 . ^ a - z t { / ) 
L T l < J N -
CO 
N l 
CD 
n^ 
^^J 
f \J 
N -
v T 
O ] 
f ^ 
v t 
= 
-T) 
^ 
0 
r— 
i n 
r> 
i n 
--T 
OJ 
i n 
OJ 
0 
CD 
r-
' 
C::J 
CJ 
0 
i n 
CO 
n 
n 
ni 
n-
J i 
O N 
-.J 
0 
*/) 
r^  
r— 
>^ t M 
<t 
(^  r-
• ^ 
= 
i n 
1 ^ 
i n 
N-
^4-
m 
OJ 
i n 
N -
^o 
0 
0 
T -
CO 
^~~ 
K l 
i n 
0 
^ v t 
• • -
r- ^J 
0 03 
rox:).c: 
— - i ; 3 
* i ; o t a 
CO 0 
55 
C D 
-0 
f^ 
c^ 
0.) 
u-» 
OJ 
T — 
0 
' 
i n 
N-
K) 
i n 
v / ) 
sO 
h~ 
sO 
CD 
a i 
0 
r \ j 
CO 
*
tn 
0 1 
0 
0 
v t 
fT3 
10 
lis 
CD 
(XJ 
N O 
CD 
CO 
N-
v t 
H I 
N J 
0 
i n 
^ 
= 
r-
N -
^) 0 
<t 
V— 
OJ 
i n 
u n 
N -
0 
hO 
(NJ 
CO 
I — 
i n 
OJ 
0 
CD 
r \ j 
"C 
n t : 
x: 
i ^ 
*^ 
C D 
i n 
I V 
i v 
i n 
sT 
(VJ 
i n 
OJ 
:= 
i n 
rv 
0 0 
( K 
v t 
O ) 
vO 
i n 
OJ 
0 
N O 
O N 
h -
0 
0 
m 
^ 
• ^ 
CD 
N-
fx i 
L . 
cn 
l / > 
0 
_ 
r-
N O 
M 
0 
"— 
N-r 
0 
,— 
= 
^ 
0 
CO 
0 
(M 
rf> 
0 
ro 
1 — 
(~i 
CD 
a-
N O 
' 
,. , 
0 
0 
0 
i v 
0 
^ 
r^  
0 
v t 
OJ 
-4-
C D 
N O 
• J -
= 
0 
0 
,— ro 
LA 
I ^ 
• ^ ) 
i n 
N -
0 
CD 
^ 
,_ 
r^ 
v-
N / ) 
M 
0 
0 
C X L 
i . 
fi) ro 
i:. C/1 
r-
OJ 
c 
N-
• 0 
»— { \ j 
ro 
(^  0 
N ^ 
= 
r--
s() 
cr) 
v j 
ro 
N O 
• N J 
CD 
i n 
CD 
CD 
,_ N-
X 
n i 
CO 
0 
0 0 
n 
Z ) 
r-
0 
CO 
v£) < 
<— 1 
T— 1 
ro ' 
ro 1 
NJ- ' 
OJ > 
0 
• - • 
n ' 
r- • 
N O • 
CO ' 
h- . 
v j 1 
0 ' 
0 1 
i n 1 
f N -
i n 1 
CD > 
r o > 
h- . 
' ' 
r-'j • 
r o > 
0 ' 
r o 1 
rz 1 
Q • 
c 
o 
3 
*-> 
o 
3 
u -
[ ^ 
' —' 
1 _ ( 0) 
' 3 e 
1 ro 
1 V^ 
O 1 • 
O ' 3 ^ - -
V ) 1 • _ ! 
Z 1 H - ( J 
O 1 -OJ 
s : 1 Q ^ 
CO I ^ ' ~ ' 
O 1 - M Q -
CL 1 O S 
1 (DCD 
1 Q N ^ 
1 0) 
1 n3 
t Q 
, ,-. 
. -^  
1 —1 (/I 
1 3 E 
1 CD 
1 ^ > 
o • • 
O 1 S ' - N 
t /1 1 • _ ! 
Z 1 f - O 
O I 'CO 
E • Q ^ 
LU I 
Q i 1 ^ ^ - s 
CL 1 -MCL 
< a z 
1 (Deo 
1 Q ^ ^ 
1 O 
1 ^ 
1 CD 
1 Q 
, - x 
H -
O i/} 
— ' • ( - ' 
J = ^ E 
a 3 c 
01 • -
Q ^ 
'-^  
M- -^ 
o • • 
Q . t/1 
- I Z E 
Q i (D 
*-' 
.y-N 
C L — i 
-^^  
o ^ 
UJ^-N 
f— • 
UJ tf) 
< E 
Q 
Z 
o 
< 
o 
~^ 
o 
z 
^ ( M 
O 
O 
t ^ 
i n 
ro 
ro 
U~l 
f o 
ro 
^ 
C3 
o 
-o 
o 
i n 
ro 
o 
i n 
ro 
f M 
-o 
o 
o 
o 
'~ 
i n 
o 
o 
ro 
N -
o 
o 
o 
o 
t \ j 
t _ 
to 
en 
t u 
"-
ro 
rs i 
t ^ 
^ t 
CO 
o 
<s 
^o 
(>. 
T — 
i n 
O 
,-
CO 
< 1 
(> N -
r \ i 
( h 
r^ 
rv 
r \ j 
s n 
o 
i n 
o 
r> 
'-
N t 
O 
o 
,— t ^ 
o 
o 
o 
o 
l \ J 
t _ 
m 1 
m 
• •— 
i _ 
ro 
i^ 
« 1 
i n 
r \ j 
o 
< 3 
0.1 
( V 
{ \ j 
r \ i 
ro 
ro 
ro 
•^) 
>~ 'i\ 
f\i 
h-
0 
ro 
(\.i 
t^ 
x t 
0 
0 
-n 
v i 
0 
^ 
0 
0 
0 
r 
m 
1 
C/) 
ro 
.n 
ro 
C O 
<^  
n i 
•-
>-
•J) 
- 0 
- v t 
*— 
i n 
f \ j 
f \ J 
i n 
Vf1 
r^ 
i n 
n j 
r^ 
ro 
ro 
0 
'— 
i n 
0 
i n 
CO 
v f l 
r t 
ou 
0 
0 
^ 
L. 
-J 
n 
r 
ro 
t _ 
1 
- C 
0 
0 
f \ j 
o~ 
CO 
0 
^o 
r \ j 
r^ 
0 
0 
i n 
,— 
CM 
0 
'^  
- t 
0 
0 
t > 
ro 
r \ l 
t \ j 
ro 
~.t 
0 
ro 
^n 
<o 
CO 
N -
0 
^t 
• 0 
t _ 
0 
r \ j 
^ 
ro 
- i ) 
0 
^ t 
f v j 
f M 
i n 
fVJ 
f \ j 
so 
0 
-<1 
ro 
n i 
r^ 
ro 
i n 
CO 
s-T 
0 
f \ J 
i n 
</) 
f \ ; 
CM 
( - 1 
0 
0 
3 ro 
Q ; , 
- ro 
1_ { / > . ^ 
0) 3 I -
OJ 0 0) 
w n3"CJ 
ro^ ro 
Z O C Q 
T — 
r \ j 
( M 
f M 
ro 
0 
0 
Cfl 
>o 
,— f M 
^ T 
• ^ 
sO 
^ T 
| s -
•J) 
<t 
K l 
^ 
t ^ 
f M 
i n 
f M 
0 
-n 
sd 
0 
0 
'— 
r^ 
0 
i n 
f M 
r^ 
in 
-4-
0 
0 
v t 
t_ 
3 
( 1 
ro 
ro 
I 
ro 
—3 
ro f M 
i n 
f M 
0 
t ^ 
- 0 
,— 
^^  
m 
i n 
C> 
- J -
vO 
<n 
x l l 
• ~ t 
0 
f \ j 
i n 
i n 
CO 
i n 
0 
i n 
r~ 
r^ 
- J -
0 
,— 
f M 
s f 
t _ 
1 
0 
1 
ro 
f 
ro 
</i 
m 
CO 
v t 
f M 
sO 
f M 
0 
0 1 
0 
<f 
on 
i n 
0 
*" 
• 0 
0 0 
v f l 
0 
r— 
<<1 
-<) ro 
r^ 
i n 
l > 
CO 
0 
i n 
i n 
I ^ 
- 0 
f M 
,— 
i n 
CO 
• — 
1 
m 
V) 
on 
i n 
f M 
i n 
ro 
0 
0 
t ^ 
m 
OJ 
i n 
i n 
^ 
i n 
f M 
0 
CM 
^ 
r^ 
0 
0 
i n 
0 
0 0 
i n 
0 
I M 
CO 
0 
0 
t ^ 
t ^ 
<-> 
0 
f M 
i n 
'" 
i -
1 
0 
f -
ro N 
z 
N O 
f M 
^ 
• J -
0 
(-> r-
0 
ro 
- 0 
0 
0 
• 0 
0 
r-^  
v t 
t ^ 
sll 
V.T 
ro 
r^ 
0 
i ^ 
r^ 
0 
0 
t ^ 
r^ 
r-> 
~c 
0 
0 
h -
(_ n 
n 
*-» m 0 
m 
: n 
r^ 
f M 
c> 
^ 
0 
1 ^ 
i n 
r^ 
i n 
i n 
f M 
- 0 
,— 
r^ 
^ CM 
0 
v t 
r^ 
- 0 
f M 
0 
0 
0 
'-
0 0 
0 
i n 
r^ 
K 
0 
i n 
0 
0 
f M 
m 
a 
m 
f M 
c^ 
i n 
0 
C J 
r^ 
ro 
CO 
- 0 
N -
o. 
0 
0 
1 ^ 
f M 
^ 
r^ 
•^1 
i n 
r^ 
i n 
0 
CO 
0 
0 
r^ 
r^ 
- J -
*-
0 
N -
CO 
0 
(U 
-1 
ro 
t _ 
m 
m 
r/) 
r 
ro CO 
f > 
f M 
CM 
CU 
0 
0 
r^ 
0 
T — 
- 0 
vO 
CO 
vO 
r> 
- 0 
r \ i 
0 
<n 
CO 
^ 
r^ 
f M 
ro 
CO 
0 
0 
v n 
r ^ 
0 
f~ 
0 
i n 
1 ^ 
ro 
, 
fC 
0 
f h 
<o 
c^ 
ro 
1 ^ 
CN 
Os 
N -
f M 
0 -
,— 
ro 
CO 
vO 
0 
*— 
CXI 
f M 
r^ 
eo 
f M 
- 0 
0 
CO 
0 
T — 
K 
CO 
0 
0 
1 ^ 
t ^ 
f M 
• 0 
0 
i n 
»-
,_ 
ro 1 -
1 - 3 ' -
I_ i C 
ro' 
e o-D 
• - - £ : 3 
C/5CQC3 
ro ,— ro 
0 1 
v t 1 
0 1 
v t 1 
r ^ • 
0 . 
^ ' 
<M 1 
0 ' 
0 > 
^ 1 
= I 
^ 1 
r ^ 1 
CO 1 
0 - 1 
f M 1 
e o i 
i n p 
^ 1 
0 • 
f M 1 
i n I 
0 i 
0 • 
CO • 
1 ^ • 
0 1 
- 0 1 
^ I 
0 1 
0 • 
3 1 
a • 
D ) 1 
CO I 
r o 1 
c 
o 
to 
o 
u-
1 _ l 
^ 
i 3 E 
O 1 • 
O • 3 
</} 1 • 
03 
,-^  
.. i 
O < • 
z : 1 Q 
1— 1 
en 1 j i 
•n 
-^^  
,^_^  
O t •t-'Q-
n I n ^ 
1 (UCQ 
1 Q 
1 (U 
1 fa 
• o 
I _ ] 
-^^  
^ 
(A 
1 3 e 
O t • 
O 1 3 
in 1 • 
CD 
_J 
Z 1 h-CD 
o > • 
s : 1 o 
LU t 
Q ; I -IT 
Yl 
• ^ 
/-\ a. 1 -MCL
1 oca 
• d 
1 <U 
i en 
I Q 
M -
o 
-C—' 
+-< (U 
*-' 
-^^  
Cfl 
•M 
f-
m r 
0) 
o 
4 _ 
o • 
Q. 
— I E 
Q : 
. / - s 
CL—I 
. ( J 
: s < 
• ^ 
Q^ 
LU^-^ |__ . LU W 
< E 
Q 
Z 
O 
K-
< LJ
O 
_J 
o 
2 
— 
^^  
'-^  
_^  
CO 
F 
ro 
1 ^ 
u-\ 
O 
f\J 
N-
i n 
i n 
LTl 
CO 
1 ^ 
i n 
(M 
O 
^ 
r o 
f \ j 
t ^ 
f \ j 
»— 
^0 
i n 
r o 
o 
o 
sO 
o 
CO 
o 
r o 
f ^ 
o 
( \ j 
CO 
K 
r o 
f \ j 
o 
o 
o 
o 
t— 
i n 
o 
•<r 
N-
m 
-vT 
i n 
^ 
r^ 
u-i 
= 
fO 
t ^ 
NO 
(N 
i n 
r\j 
r\j 
- n 
LTl 
O ) 
vO 
o 
o 
o 
r-~ 
<o 
r\j 
o 
o 
f \ j 
,— 
CD fD (D 
*->Xi t_ 
- C O 
-C 3 (U 
^ ^ a : 
r o 
m 
^ t 
tn 
o 
t > 
o 
r\j 
1 ^ 
i n 
r^ 
CO 
LA 
r\ i 
(>< 
= 
,_ b-
i r t 
•^1 
(^  
i n 
*— 
o 
»~ 
o 
r u 
*— 
*" 
o 
i n 
r— 
a) 
o 
ir> 
o 
OJ 
<\j 
f \ j 
ra 
-C 
O) 
_) 
in 
r o 
-D 
-J-
o 
N . 
o 
r^ 
^0 
m 
ni 
•J) 
^ 
^ 
r o 
1 ^ 
- / I 
r^ 
v t 
r o 
t ^ 
<n 
o 
o 
po 
cri 
o 
o 
CO 
en 
o 
o 
o 
,_ 
ro 
-C 
L. 
<D 
CO 
<^^  tn 
en 
U~l 
o 
t ^ 
00 
CO 
-J-
OJ 
r>-
i n 
~ 
t-
vn 
^T 
i n 
CO 
i n 
i n 
i n 
a ) 
t ^ 
o 
i n 
CO 
t ^ 
f \ j 
o 
o 
o 
o 
3 
(13 
O 
(D 
CD (U 
z 
1 ^ 
M 
_^ i n 
o 
fM 
t ^ 
t ^ 
fM 
r^ 
i n 
v t 
hO 
-
,_ t ^ 
CO 
r^ 
r o 
• / ) 
t > 
to 
~.t 
INJ 
i n 
o 
i n 
h -
CO 
o 
i n 
CM 
^ 
r j ! 
m 
H-(t) 
Q£ 
CO 
pn 
M 
f \ j 
o 
vT 
• o 
o 
<<) 
—^ 
vO 
<>• 
V— 
-
o 
f\J (^  
I — 
r > 
OJ 
r^ 
v t 
o 
i n 
•o 
so 
t ^ 
o 
o 
f \ j 
,_ 
en 
ro 
2 
n 
( • 
-C 
CO 
o 
r o 
^ t 
^ 
o 
NO 
• o 
i n 
f \ j 
-<) 
M 
<h 
<<1 
-
i n 
vO 
f ^ 
xO 
-<) 
t ^ 
PO 
f ^ 
CO 
(M 
a) 
o 
i n 
r\j 
1 ^ 
en 
•J1 
o 
o 
i n 
,_ 
m 
t_ 
m 
T 
i -
O 
o -
i n 
r^ 
o 
en 
o 
vO 
fO 
i n 
PO 
vd 
i n 
,— 
i n 
f ^ 
vO 
t— 
<^ 1 
en 
r o 
Ml 
f \ j 
sn 
o 
CO 
t ^ 
o 
i n 
c 
h -
o 
o 
i n 
,_ 
(U 
-J 
ra 
:^ 
r— 
^ 
M 
'" O 
r^ 
- o 
t ^ 
o-
T — 
o< 
r o 
; 
t ^ 
<o 
r > 
—^ 
rvj 
<VJ 
m 
r\j 
CO 
N-
r o 
o 
o 
o 
t ^ 
r o 
f \ i 
o 
o 
o 
,— 
"D 
-C 
V 
ra (/) i _ 
• >— i/i 
(\ l 
v t 
CO 
*" 
o 
en 
<o 
^ t 
( \ j 
(\J 
NO 
( h 
r j 
z 
CO 
< l 
rvi 
v t 
e\j 
^ t 
*-
r o 
o 
f \ j 
i n 
o 
o 
o 
1 ^ 
f \ ] 
t ^ 
o 
i n 
>o 
o 
(_ 
o 
h-
I_ 
1 
n 
(C 
S-
r o 
-4-
o 
'" CD 
r -
^0 
i n 
o-
OJ 
OJ 
PO 
z 
- o 
• o 
v t 
—^ 
m 
o 
v t 
m 
o 
en 
i n 
o 
eo 
o 
V) 
vO 
rv] 
o 
o 
o 
-^
n3 
>~ (T3 
n 
nj 
z 
^ ~4-
^ r o 
o 
eo 
^0 
r^ 
r -
rvj 
- o 
(>• 
OJ 
s 
CO 
- i ) 
1 — 
r o 
r j 
r o 
hO 
o 
i n 
i n 
o 
o 
^ r^ 
f > 
o 
o 
'— 
,_ 
L-
o 
1 
1 
CO 
i n 
^ 
eo 
M 
o 
-O 
1 ^ 
^ v t 
N t 
o 
00 
^ 
(NJ 
^ 
- o 
i n 
r^ 
OJ 
CO 
^ 
<o 
'— 
i n 
OJ 
O 
-O 
'^  
o 
OJ 
t ^ 
o 
o 
o 
CO 
vf) 
tn 
o 
i n 
fM 
,_ 
i _ 
^ 
f/i 
• t 
sn 
-3-
i n 
o 
vO 
CO 
^ 
^ 
N J 
CO 
^ 
= 
i n 
t ^ 
r o 
O-
•^ 
(^  fVl 
i n 
a) 
hO 
r -
o 
o 
o 
en 
<o 
K l 
o 
i n 
CO 
o 
t_ 
-1 
o (T3 
V 
0 (^  < 
N-
-4-
r^ 1 
O 1 
O ' 
OJ ' 
1 ^ 1 
r^ 1 
M • 
OJ t 
N . ' 
•O 1 
OM 1 
= I 
O I 
r^ 1 
^ 1 
m < 
N1 1 
•<f 1 
O 1 
hO 1 
O i 
i n 1 
O 1 
O I 
^ 1 
r^ i 
O 1 
r o • 
O 1 
i n 1 
o - • 
O I 
"D 1 
TO i 
ja 1 
ro 1 
4 - 1 
•t-' 1 
D 1 
£ i 
CO 1 
-4- 1 
c 
o 
•i-> 
ftJ 
13 
4-> 
O 
D 
U -
1 ^-v 
1 — ' 
1 _ J (A 
> r i E 
1 03 
1 S^ 
O ' • 
o ' : 3 ^ v > t •—1 
z 1 1—ej 
O ' 'CO 
s: • o w 
>— 1 
t / ) I ^ ' - N 
O 1 - M O . 
n I oa^ 1 (UCD 
1 O ^ - ' 
1 <D 
1 i-t 
1 (0 
1 Q 
. ^ 
, -. 
1 _ l 0) 
" 2 1 E 
1 fD 
( N - -
O 1 • 
O ' 3 ' - ^ 
in 1 - - J 
2 1 H - O 
O ' 'CO 
Z 1 O ^ - ' 
m 1 
QC 1 - C - v 
Q_ 1 • M Q . 
1 a s : 
1 CUCO 
. Q ' - ' 
1 d) 
1 • * - ' 
> (0 
1 Q 
^ 4 -
O Cfl 
— ' - M 
J T - ' E 
0) . ^ 
O w 
'^  
M - — ' 
o • • 
Q . CO 
- J S I E 
a: (C 
N- . ' 
.^ -^  
CL—1 
• CJ 
s : < 
-^' 
c^ 
UJ ' -> ' 
y— • 
LU Cfi 
< E 
Q 
Z 
o 
*— t— 
< u 
o 
d 
z 
o ro 
o 
I ^ 
O 
t ^ 
o 
r \ j 
^ 
d^ 
^ f ^ 
i n 
( M 
r^  
ro 
( M 
o 
o 
'^  
ro 
r^  
• - * 
o 
o 
o 
r^ 
(\i 
ro 
o 
o 
o 
2 
CD 
:^ 
ro Q . 
D . 
CD 
*~~ 
O 
m 
ro 
o 
l ^ 
fVI 
<-> 
C\J 
rv 
ru 
-
N t 
r^  
i n 
( N 
f M 
-st 
OJ 
m 
o 
*" 
i n 
o 
O 
r--
r^  
o 
r \ j 
o 
o 
rvj 
L, 
- J 
a 
+-' 
o 
n j 
Q 
O 
m 
- t 
i n 
o 
< t 
r-
r \ j 
K i 
- ^ t 
v t 
s f ) 
i n 
^ 
1 ^ 
ro 
N -
^^1 
a) 
•<i-
a) 
*-
- o 
o^ 
o 
( \J 
i n 
t > 
< i 
o 
o 
CO 
h -
f \ j 
r^i 
T — 
o 
o 
03 
^ 
^ 
u 
J 
^ 
r— 
T — 
i n 
o 
i n 
t ^ 
PC 
^ 
t n 
; 
LTl 
r^  
v t 
r\J 
i n 
f \ j 
<i 
i n 
<— ro 
N -
o 
o 
o 
a) 
CO 
hO 
o 
o (_) 
t_ 
.) a i > 
J 
U) 
CO 
f \ l 
CM 
- J -
O 
t ) 
1 ^ 
<n 
rn 
v t 
o 
f ^ 
v t 
z 
o. 
)^ 
«) r-
-* 
f \ j 
'— 
i n 
r \ j 
^ 
N -
o 
i n 
N j 
r^  
~.t 
rn 
o 
o 
f M 
to 
I 
1 
(0 
O) 
- C 
•M 
« 
ro 
i n 
i n 
r \ j 
o 
CO 
^ 
en 
CM 
v t 
CO 
i n 
v t 
-
r^  
^1 
ro 
m 
v t 
ro CO 
- J -
on 
*-
r^  
o 
o 
CM 
r^  
CO 
N l 
CO 
o 
o 
CO 
c_ 
H 
'<— CO 
v t 
i n 
<r— 
ro 
o 
r ' l 
>u 
CO 
oa 
< f 
<^  
—^ 
z 
ro 
o^ 
CM 
m 
Od 
CM 
CM 
•rt 
ro 
o 
*— 
-* 
o 
o 
i n 
NO 
<T-
O 
o 
o-
u 
h 
a> 
i . 
i n 
i n 
N -
C\J 
o 
ro 
NO 
sn 
oa 
o 
o 
CM 
z 
ro 
•j-i 
ro 
CM 
N -
C\J 
CM 
r^  
ro 
-~t 
o 
o 
m 
V I 
v t 
o 
o 
ro 
(A 
CO 
V 
i_ 
(0 
01 
-^  CO 
- C 
ce3 
- o 
i n 
CO 
vO 
O 
CM 
r^ 
o 
CM 
v t 
CM 
<1 
v t 
CM 
,— 
CO 
,_ fN-
r~-. 
( h 
< t 
C I 
ro 
i n 
v t 
CO 
N O 
o 
o 
NT) 
f ^ 
r o 
o 
( 3 
CM 
i_ 
-1 
n 
N 
t_ 
• •— 
E 
t ^ 
i n 
•<t 
--t 
o 
n j 
r~ 
CO 
-o 
ro 
v t 
CM 
i n 
= 
,_ 
r^  
CM 
-4-
O ) 
o 
i n 
c^ 
<— 
I ^ 
o 
o 
Nfl 
r^  
Nn 
r— 
o 
i n 
m 
r 
- 1 
en 
• p -
CO 
z 
CO 
i n 
t o 
CM 
O 
O 
N O 
o 
<i 
o 
CM 
-
NO 
-n 
CM 
l-h 
•Jt 
CM 
CM 
i n 
o 
ro 
o 
o 
en 
• < \ 
CM 
o 
o 
o 
CO 
' • 1 
tn 
(D 
Ol 
o 
i n 
>-t 
<M 
o 
N -
N O 
o 
< J 
i n 
-C) 
CM 
i n 
z 
t~-
stl 
v l -
CM 
i n 
o 
i n 
m 
i n 
*— 
N . 
O 
O 
CM 
1 ^ 
NO 
O 
O 
"" 
-> 
(D 
- C 
ca 
o 
NO 
t ^ 
^ 
o 
CM 
I^ 
r^  
t ^ 
v j 
CM 
<>• 
v t 
CM 
o 
r~ 
l> 
J _ 
r^  
v t 
CM 
i n 
t y -
ro 
i n 
CM 
NTI 
v t 
CM 
v t 
r^  
o 
i n 
NTJ 
r^  
i n 
o 
• . — 
i _ 
CO 
JZ 
:^  
r— 
NO 
CO 
ro 
o 
<-> t-
o 
CM 
v t 
CM 
N/1 
v t 
-
o 
r^  
O l 
i n 
v t 
o 
o 
i n 
«— 
*-(^  
o 
i n 
v t 
r-v 
CM 
CO 
-O 
u 
-> n 
m 
T I 
C/7 
CM 
NO 
oa 
ro 
C-> 
C)N 
N O 
o 
(> 
v t 
a) 
i n 
z 
CO 
^1 
f-
t o 
i n 
N/1 
i n 
i n 
CO 
v t 
(^  
o 
o 
v t 
rv. 
o 
o 
o 
*" 
.^  
T 
CD 
^ < 
ro 
N O 
CM • 
ro 1 
I ^ 1 
|Nv • 
v t ' 
v t 1 
CO 1 
v t 1 
z . 
O 1 
r ^ 1 
C> 1 
1 ^ 
v t » 
CM I 
'^  ' 
i n 1 
v t 1 
CM 1 
r ^ c 
O 1 
O 1 
i n 1 
t ^ 1 
r o • 
O c 
CM 1 
L- 1 
CO 1 
CD t 
i-i 1 
to 1 
t_ 1 
,n. 1 
N^ 1 
v t 1 
-o . 
c 
o 
-l-J 
+-J 
o 
13 
U - . 
1 ^ 
) —' 
1 — I Cfi 
I 3 E 
< ro 
( y^ 
O > • 
O 1 3 ^ 
in 1 '—I 
: z > h - o 
O f - C Q 
s: 1 a^ 
h - I 
C O I ^ ' - N 
O ' •MCL 
o . > a s : 
1 0 c a 
1 o ^ 
1 <U 
1 - i - j 
1 03 
• o 
. ^ 
I -J 
I _ l t / l 
1 3 E 
1 0 3 
1 v - / 
o • • 
O 1 3 ' - ^ 
( / ) 1 - — J 
Z r t—CD 
O t -CO 
s : ' Q ^ 
U J 1 
a : 1 X T ' - N 
C i . 1 - M C L 
. as: 
r OJCO 
1 Q N - ^ 
1 Q) 
* CU 
' O 
/-^  M - • 
O U) 
— ' - M 
^ w E 
-M (U 
Q : 3 C 
(U . -
Q ^ 
^ 
H - — ^ 
o • • 
Q. (/) 
- 1 2 : E 
a: 03 
^^  
./--* 
a.—1 
•CJJ 
: E < 
^^  
a : 
U J ^ - * 
1 — • 
UJ t/l 
< E 
o 
z 
o 
h-
< o 
o 
_ J 
d 
z 
C/) 
r\j 
^0 
o 
f\J 
r^ 
o 
p j 
l A 
o 
r o 
i n 
CM 
r-^ 
o 
(NJ 
,_ 
r^ 
r u 
CO 
i n 
f \ j 
O 
i n 
no 
O 
o 
i n 
»— 
CO 
o 
o 
1 ^ 
[^ 
o 
o 
o 
*" 
c 
u 
03 
JZ 
X i 
D 
o 
i n 
o 
vO 
r^ 
o 
CM 
r -
o 
«— 
i n 
r o 
i n 
r\j 
1 ^ 
O 
CO 
i n 
1 ^ 
o 
vO 
-J-
(NJ 
CO 
o 
i n 
r^ 
r^ 
f \ j 
O 
o 
•< j -
rtj 
2 
03 
L. 
03 
—3 
^0 
^0 
v t 
m 
O 
-J-
r--
-^  m 
i n 
O 
i n 
i n 
m 
r--
CO 
CO 
i n 
r o 
^O 
CO 
m 
r^ 
o 
o 
j _ 
CO 
i n 
f \ i 
CD 
o 
o 
03 
3 
03 
03 
CQ 
03 
Ckl 
r -
^o 
1 ^ 
( \ j 
o 
o 
NO 
CO 
o 
OJ 
fM 
r\j 
m 
o 
o 
i n 
f \ j 
fO 
o 
v t 
r o 
T — 
OJ 
i n 
o 
o 
r\j 
N-
• > t 
< \ j 
o 
o 
OJ 
c 
03 
03 
I _ 
D 
a. 
3 
y) 
03 
Oel 
CO 
o 
r -
co 
o 
1 ^ 
o 
r o 
^ 
OJ 
i n 
i n 
r o 
O 
ou 
O 
^O 
• < f 
OJ 
hO 
NO 
ro 
^ 
r o 
CO 
i n 
o 
o 
o 
1 ^ 
CNJ 
r— 
o 
o 
Q . 
03 
D 
t _ 
J^ 
3 
-C 
CO 
o 
^o 
,— 
-^  
o 
h -
o 
K 
-J-
O 
o 
o 
S-
T — 
i n 
1 ^ 
i n 
^0 
O 
vO 
o 
o 
r— 
<\1 
CO 
o 
o 
r^ 
N-
NO 
-J-
*— 
o 
fO 
c 
L . 
03 
CD 
O 
N-
^ i n 
o 
r^ 
r o 
r^ 
r o 
CO 
r u 
v t 
o 
r^ 
r o 
00 
v t 
o 
t ^ 
vd-
r o 
<i 
o 
o 
i n 
r^ 
^ 
i n 
o 
o 
i n 
c 
03 
t_ 
O 
E 
03 
-C (_) 
r^ 
00 
v t 
o 
- t 
r^ 
i n 
O 
-J-
sO 
OJ 
i n 
v j 
1 ^ 
r^ 
r o 
i n 
CO 
<t 
i n 
T — 
CO 
o 
o 
o 
r^ 
_ 
r o 
o 
o 
^ 
c_ 
=J 
Q. 
L. 
03 
O) 
03 
CO 
r o 
N-
r^ 
^ 
o 
>4-
N-
i n 
OJ 
i n 
o 
o 
i n 
PC 
CO 
• o 
i n 
OJ 
>o 
—^ f \ j 
CO 
o 
o 
0 
t~~ 
v t 
v j 
o 
o 
t\J 
t-
D 
Q. 
c (D 
C 
03 
V 
FC 
t o • 
^ 1 
O I 
O 1 
r^ 1 
r o 1 
r o 1 
i n 1 
v j 1 
O 1 
i n 1 
o • 
o • 
00 1 
i n 1 
r j • 
^ 1 
- O 1 
» — 1 
o . 
r^ . 
O 1 
O 1 
i n 1 
t ^ 1 
_ ; 
< o 1 
O 1 
O I 
O 1 
t- 1 
3 
Q. i 
( D 1 
CO 1 
v t 1 
t ^ 1 
Appendix V 
Transmissivity Values 
(Calculated from the discharge and drawdov;n 
of the state tubewells) 
State Tube-
well No. 
11 
12 
14 
15 
16 
20 
26 
2 9 
35 
39 
4 4 
45 
Transmissivity 
Values (m^/day) 
786.26 
1382.16 
1656.55 
1189.55 
1336. 32 
834.96 
766.32 
793.20 
1168.00 
879.12 
736.08 
1081.44 
866.88 
State Tube-
well No. 
46 
50 
52 
56 
71 
73 
77 
80 
85 
9 6 
99 
118 
119 
Transmissivity 
Values (m^/day) 
811.92 
640.08 
771.36 
1128.67 
904.32 
1697.10 
940.06 
7 60.0 7 
761.24 
.12 8 0. 2 •/ 
900.13 
748.56 
925.66 
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